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NEW  AMERICAN 

PRACTICAL  NAVIGATOR: 

JEPITOME  OF  NAVIGATION: 

COMTUNINO  ALL  TUB  TABLES  NECESSABT  TO  BE  SEDWmiTHE 

NAUTICAL  ALMANAC, 

IN  DETKRMININO 

THE  LATITUDE,  AND  THE  LONGITUDE 
LUNAR  OBSERVATIONS : 

AMD 

KEEPING  A  COMPLETE  RECKONING  AT  SEA: 

RLITSTRATED  BT 

PROPER  RULES  AND  EXAMPLES: 

THE  WHOLE  EXEMPLIFIED  L\  A  JOURNAL, 

KEPT  FROM  BOSTON  TO  MADEIRA, 
an  wmcB  ALL  ram  bulbs  or  irAYieATioii  abb  isitboovcbd.* 

ALSO, 

THE  DEMONSTRATION  OF  THE  USl  AI.  RILES  OF  TKIGONOMLTftV  : 

PROBLEMS 

IN  MENSURATION,  SURVEYING  AND  GAUGING : 
DICTIONART  OF  SEA-VERMS : 

AM9  TBI  IIAimBB  OP 

FEBFOBMING  THB  MOST  USEFUL  EYOLUTIONS  AT  SEJL 

WITH  AH 

APPENDIX, 

CONTAINING 

MET  MODS  OF  CALCULATING  KCUPSKI  OW  TUE  SUN  AMD  MOON,  AND  OCCULTATIOKS  OF  TUS 
yiZED  tTAHlS  BULBS  fOB  VHTHWO  THB  LOBBITODB  OP  A  PLACE  BT  OMlBVATSONt 
9W  BCUPeCB  OB  OOCULTATIONS  :  AND  A  MSW  MBTHOO  FOB  PIBODIQ  THB 

LATITUOB  BI  two  ALTITOOH. 
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WATER,  CORNER  OF  FULTON  STREET— NEW-YORK, 
[07'  OLD  Ei<TARUSIIi:D  Sl'A^VDA 

BOOKS. 

OOWDITCn'S  PRACTICAL  ^  1 " I n ftTlTI!. Itit  iiilllinn  ■miitiU ti lJ     n&  MftiM  1MB  r*  ■mUKiIbiI 
tn  London,  and  Aaj  a  dccidtdmtfawmm  toiHWMtart.  '  ' 


THEllKRCHANrS  AMD  »HIP  MAStERSASSliffAN  r;  comprehending  all  th»  neres5arv  mrrrRn- 

mlaronnitlon  for  Merch-ttiti  j»nd  Sbipma»tert.    [In  tkit  u^rk  all  rectni  commei 
rmtaw  «•         t*on»  art  introduml,  «■»'/  (Ac  ihq  I  ,  i  pent  w  ed  u  Ul  jind somttking  ntv\] 

THB  EXPEpITfoUS  MKASL  UKK.  c.,uuinu,<;  n  act  <.f  tallies,  which  show  at  one  view  the  .;oIid 
ooments  of  «ll  kinds  of  p,it  ku-i .  nxl  ci-Ks.  according  to  thfir  several  IcngUis,  br^wUhJ,  and  doiith*; 
luff/i™  ''"^  ^urtsof  casks,  in  wine  and  beer  meiuure.    A  tUrtolyfc 

MAUTICAL  ALMANAC  .S,  from  the  ynr  IBII  to  1828,  boih  ItiwitQ  to  be  ^^mtlMWd  •miMlir*  £*• 
|)laiiiUi.iii  ^tcreotype<l,  and  Knirlbh  copy  COWWleiL  ' 
£rrors  In  the  Kn^li<<h  couies  of  the  M«uiJcal  Almanac 


€  1 82I&,  Over  Fifty  emm  ) 

>cotmi«itoBLDiir8nnnoMioiay. 

C  1S28,  Owr  Twenty  error*  | 
SEiBlANSHIP  Md  NAVAL  TACT((;S.  Second  Editko.  wftk  Pkan. 

LtfifAR  Tables,  ad.  ediuon. 

CHARTS  • 

A  K£W  CUAET,  Wt— ding  fttmi  MtV^Tork  to  RaTnna.  Includinf^  Ilnfinrnn  VnpU  .tiuI  Cbannek,  im- 
ptO|Wd  by  nelnni  mtrvtyn  of  the  ChrtapttJcc  lUiy.  by  order  ut  ihr  >uvy  Department, 
mdofOapei  Hattrrat,  Look  (hit  anl  fV(,r  .sAon/s  in  <  uii(,(rmily  to  an  act  of  Con- 
fTMIOf  the  Uniti><t  States,  Hiid  coiidmtitl  under  (he  dircriion  of"  J.  D.  KLLIOT,  Kso. 
rrtpi.in  the  U.  8.  Navy,  and  bjrpermiMionof  Hon.  SMITH  THOMPSON,  Secrclarv 
ol  the  .Navy,  eopu  d,  nnd  c.)ijtnin<t  nil  the  Surveys  ma«!e  on  tha  Coast  of  North  Caroim'a 
tit  the  preMMit  timv  (lF.;i  ,)    This  Chart  has  since  iniproved  by  n  ^urvey  fiom 

Sandy  Moi.k  to  Cape  May  ,  under  direction  of  Capt.  /UNATUAN  Cbl.£SWORTiiy. 
anil  KDML  ND  KLUN'I,  hydrorrrapher,  inthedoOpllewIfedM.   Il  hMnhn  If  laiaf 
PLANS  of  HARBOURS,  from  actual  furveya.^^  w—«w8ctto 
■     ■  >  of  the  MisiUsippi  River,  extending  to  New  OriciM,  tnclodinr  M«Mln,  kt.  vilh 

aailln^  directioiu,  and  Plan  of  Mobilikon  AlanRMlln.fitafli  a^Mlav««v.^M^MI 
In  1825.  ^ 


of  BahiuoaBMkt  fap  Miwl  MmvMde  la  tfm  OrUt.  In  1820,  with  aallini^  direr- 
tloi»»,  by  tke  diftclion  ami  at  tbt  rapanw  of  B.  M.  BLUNT,  by  E.  C.  WARI),  U.  S. 
Navy,  and  EDMUND  BLUNT,  hydrogmpl.er.  (It  is  worUqrof  reonrk,  ibat  nine- 
t««n  vessel*  were  lost  on  the  Dalmma  Bank  tl»e  year  previoas  lo  this  survey,  since 
which,  arci(h'nt»  have  rarely  ocrvirrnd.  nn.l  the  corrcctnvs'-  .f  il  ("hart  admits  nut  a 
qiie«ljoi).  hut  li!H  received  the  approh.ilion  of  ihuUMindt.  Ih tkc  most  correct 
Chart  of  Baliama  Rank  extant.] 

from  New- York  to  Nova  -rutin,  cxiending^  from  latitude  380  JJ.  |o  imtndt  47^  If. 
lonitiiudr  I W.  to  lonEriiiide  11^  w.  ii>c Idling  the  wholeof  St. Ocon^  Buk. 
improvwl  to  August  lii^i,  by  government  and  other  surveys, 
of  Ihe  AtlanUc  or  Western  Ocean,  improved  to  1830,  with  an  Analysis  of  tb«a 
ties  U{)on  which  the  dangers  have  been  InmMdOO  UieOliart.   The  Truttt 
to  the  K(|uatoi ,  and  are  continued  oo  the  Ohert  «f  the  Somk  Athnttie  Oeenn. 
ofthe  Sooth  AllMticOMn,COM^  than  anv  extant, 

IMitofwMdb  deKribetdHHmlMdydlMaweitMlfWithorisioal  Plans  of  iWbours 


ef  Ihe  Mbnh  Coait  of  BrasU,  ihowring  the  cntnuwea  and  courses  of  the  Riven  Para 
MM  Amaton. 


■>  of  the  West  Indie«,  on  six  sheet*,  which  may  be  hml  sejwraie. 
■    —  .,  ,   of  River       Phit^.  nrrorriing  to  lair  Surveys,  with  Sailinf;  Directions  on  the  Chart. 

— of  theC.MSi  of  Uu.i^rina  — .jfthe  Coast  of  Hmiil — of  the  Island  of  »!rrniM<lnv  wiifc 
Sailing  Dirertior.s  — ol  Lo[ie--I&land  bound,  improved  to  1825.— ni  the  Coast  of  Labra* 
dor. — of  Newloui!.ll;iii(L— of  the  Coiist  of  Umr.il.  from  Maranbara  to  the  river  Ls 
Plale.  4lc.  kc.  the  siilmi:  Pirections  for  which  an.-  in'BluntV  AtJierican  Coatt  Pilot 
FLAN  of  New-Londoo  Ilarboor,  surveyed  by  0UARLE8  U0RRI8,  Em.  of  the  United  8lMes  Maw. 
bf  evder  «rOonMMdore1U>IMiEB8>  and  to  hta  respectfUly  Mcatcd. 


SMrrnKR!*  district  or  kew-york,  ss. 

BE  IT  REMEMIIERED,  That  on  the  twenty -«erond  day  of  June,  A.  D.  in  the 'fiftieth  year 
of  fhelndrpendence  of  the  U.iiteil  Stale*  of  Ajnerica.  Kdnuiud  .Vl.  lUuiit,  nf  the  Miid  district,  liath  depbtiw 
ed  in  this  office  the  title  of  a  book,  tlie  right  whereof  be  claiau  as  pruprietor,  in  the  wordi  following, 

*Tfce  New  An>erlcan  Practical  Navigator  :  being  an  Kpilome  of  Navlgntiou  :  roniainin-r  nil  the  Ta- 
*  blee  necesmry  to  be  a«ed  with  the  Nautical  Almanac,  in  determining  the  Lntitude.  and  the  Longitude 
••by  Lunar  Observation-:;  and  keeping  a  complete  Retkonini;  at  Sea;  illustrated  by  proper  llule* 
••and  Examples  the  whole  exemplified  in  a  Journal,  kept  ironi  Boston  to  Madrid,  in  which  all  tho 
*•  rules  of  Navigation  are  introduced.  Also,  the  Drmonstratiou  of  the  usual  Rule*  of  Trigonometry s 
«'  IVoblems  in  Mensunition,  Surveying,  and  Oaugbig;  Dictionary  of  Sea-Terms  ;  ami  the  manner  of  per* 
•'  forming  the  most  useful  Kvniutions  nt  Sea.  With  an  Ap|>endix,  containing  MetbtMlsof  calculating  Kdip- 
••  se5  of  the  Sun  anil  Moon  and  Occullalions  of  the  Fixe^l  Star* ;  Ilule^  for  finding  theLoogltMt  ef  lb 
••liUce  by  rObservations  of  Eclipses  or  0<  cultatioiis  :  and  a  new  method  for  lliidlnr  theniltmte  by 
••iwoaltiiudn.  By  Nathaniel  Bnwditch,  LL.  D.  Fellow  of  Ibe  Reyal  Societies  of  London,  Edlobttreb. 
«>  nnd  Dublin ;  of  tlie  American  Pblkwwhkal  tiocirty,  hdd  at  PhOadelphla ;  of  tbe  Amerioui  Academy 
••  of  Aru  and  Seimc^v  of  (lie  Oemcctiatt  Academy  ot  Aruand  fldMeeai  of  thi  Llfarr  and  PUl^ 
«  fophkal  Sodety  of  WtivwTeit,  fce.  Stttfa  iter^oiype  edition.-  *         --^wy  "~ 

in  eonfbnalty  to  theact  ofcon^rress  of  the  United  Stitr-,  eniitled  "Ar  Act  for  the  encouragement 
of  Icaroiniir;  by  sectirlng  the  copies  of  Map.CharU,  and  Uooks,  to  the  Authors  and  Pn>prielors 
of  such  copies,  during  th^  timf  ihcreln  mentioned."  And  also  to  an  act,  entitletl  "an  act  supplementary 
tA  an  art,  entitled  an  act  for  the  «>iieiuragement  of  learning,  bv  securing  the  copies  of  Maps,  Charts,  and 
books,  to  iheantbors  and  proprietors  of  such  copies,  during  ilie  tiine>  iherfin  mentioned,  and  extend- 
ing the  benefits  ibertof  u»  the  arts  of  designing.  cngravinL',  ana  etching  historical  and  other" prints.* 

JAMES  DILL, 

CUrk  rf  Oc  Smtkm  Dutrim  tfHim-Toik*  _ 
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Jfem  Ammam  Pmeikai  Narigatar,  6y  NalkamU  Bowdiiekt  F.  J.  ii.** 

AFTER  a  full  examination  of  the  system  of  Navigation  presented  to  the 
society  by  one  of  its  members  (Mr.  Nathaniel  Bowditch)  they  find,  th  jf 
he  has  corrected  many  thousand  errors  existing  in  the  best  European 
works  of  the  kmd ;  especitlly  those  in  the  TriiieB  for  detenniniog  the  lati- 
tude by  two  altitnles,  in  those  of  difference  of  latttttde  and  departure,  of 
the  sun's  right  ascension,  of  amplitudes,  and  many  others  necessary  to  the 
Navigator.  Mr.  Bowditch  has  likewise,  in  many  instances,  greatly  im- 
proved the  old  methods  of  calculation,  and  added  new  ones  of  Ins  own. 
That  of  deariog  the  apparent  distance  of  tito  moon,  and  sun  or  stars, 
from  the  eflfect  of  paraUaz  and  refraction,  is  peculiarly  adapted  to  th*>. 
use  of  seamen  in  general,  and  is  much  facilitated  (as  all  other  methods 
are)  in  the  present  work,  by  tlie  introduction  of  a  proportional  table  into 
that  of  the  correction  of  the  moon's  altitude.  His  Table  nineteenth,  [the 
twentieth  of  the  present  edition]  of  corrections  to  be  applied  in  the  lunar 
calculations,  has  the  merit  of  being  the  only  accurate  one  the  Committi-e 
are  acquainted  Avith.  He  has  mtich  improved  the  table  of  latitudes  and 
longitudes  of  places,  and  has  added  those  of  a  number  on  the  American 
coast,  hitherto  very  Inaccurately  "fmt^mA- 

Thls  work,  therefore,  is,  in  the  opinion  of  the  Committee,  highly  de- 
serving of  the  approbation  and  encouragement  of  the  society,  not  only  as 
heing  the  most  correct  and  ample  now  extant,  but  as  being  a  genuijHs 
American  ptoduction ;  and  as  such  they  hesitate  not  to  recommwid  it  to 
the  attention  of  NaTi^iitors,  and  to  the  public  at  brse. 


JONATHAN  LAMBERT, 

BENJAMIN  CARPLNTJbiiL 

JOHN  OSGOOD, 

JOHN  0IBAUT, 

JACOB  CROWNINSHIELOt 


ArrAovfo. 


BENJAMIN  UODG£S,  PmitknU 


A  TEUE  COPT.  MOSES  TOWNSEND,  Sec'ry, 
Satem,  May  19,  IMS. 
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rHEFACE* 


Uf  the  preface  to  the  drat  edition  of  this  woik,  it  was  observi^d,  that  the 
•l^tofthc  publication  was  to  collert  into  one  voljimo  all  the  nilos,  ex- 
amples and  tables  nfc«'s<iary  for  formiiiK  :i  rompb'ti'  ^ysteni  of  jtractical  na- 
vigation. To  do  this,  those  authors  were  consulted  wboiR'  riUngs  aflurdcU 
the  best  materials  for  the  purpose,*  and  such  additions  and  improvements 
were  introduced  as  were  sugpjested  by  a  close  attention  to  the  subject ;  and 
the  accuracy  t»f  tfie  tabb  s  accf»m)Mn\ in^:  tfi*-  work  was  ensured  l>v  actually 
goinp;  thnuii;h  all  the  calculatioii>  nocfssary  to  a  complete  examiriation  of 
them,  making  tlie  last  figure  exact  to  the  nearest  unit.  In  pcrforraingthis, 
aboine  right  tfiousand  errors  were  discoTered  and  corrected  in  Moore*s  Prac- 
tical N-tvigator,  and  ab<ive  two  thousand  in  the  second  edition  of  Masko> 
lyne's  Requisite  TaM*  Almost  all  the  error*  in  Maskelyne's  collection 
were  in  the  last  decinihl  place,  and  in  most  cases  would  but  little  affect  the 
result  of  any  nouffca/ calculation ;  but  when  it  Is  considered  that  most  of 
those  tables  are  useful  Ui  elicr  calculatioDS,  where  great  accuracy  fs  required, 
It  will  not  b«  deemed  an  unnecessary  improvement  to  have  corrected  so 
great  a  number  of  small  errors. 

SeTeral  articles  were  added  in  the  second  edition,  particolaity  the  descrip- 
tion and  use  of  the  cfocttlar  Instrument  of  reflection,  methods  of  surveying 
harbours,  new  tablest  Slc.  In  the  third  and  subsequent  editions,  several  im> 
provements  have  been  made,  particularly  in  the  method  of  correcting  the 
dead  reckoning,  and  in  the  articles  of  surveying.  An  Appendix  is  given, 
containing  metliods  uf  projecting  and  calculating  eclipses  of  the  moon  and 
mm,  and  occultations  or  the  (Ixed  stars  or  planets  by  the  moon ;  rules  for 
deducing  the  longitude  of  a  place  from  observations  of  eclipses  of  the  sun  or 
occultations;  a  new  and  short  method  of  calculating  the  altitude  and  longi 
tude  of  the  nonagesimal  degree  of  the  ecliptic;  solutions  of  several  useful 
problems  of  Nautical  Astronomy,  and  an  improvement  of  Napier's  rules  for 
the  solution  of  spheric  triangles.  Several  new  tables  were  added.  The 
ta>>le  of  latitudes  and  longitudes  is  much  increased  and  corrected. 

Also  an  entirely  new  article  is  given  in  tliis  edition  on  the  method  of  finding 
the  latitudes  by  two  altitudes  of  the  same,  or  of  different  objects :  the  solu- 
tions being  direct  and  simple,  embracing  all  the  eases  of  the  problem :  a  point 
which  has  not  been  attended  to  in  some  w  orks  of  celebrity .  This  is  an  import- 
ant addition  to  the  present  work,  and  it  is  reeomnended  to  the  eonsidera- 
tion  of  navigators. 

The  tables  published  separately  in  Uic  Appendix  of  the  first  edition  are 
introduced  hito  the  body  of  this  work,  and  are  extended  so  aa  to  remler  tim 
use  of  them  more  simple.  The  short  and  easy  method  of  working  akihar 
observation,  published  in  that  Appendix,  which  has  one  great  aavantag<» 
over  all  other  approximate  methods,  in  the  manner  of  applying  the  correc 
tions  (ail  tiiem  being  additive)  is  here  explained  and  illustrated  by  several 
examples.!  Two  omer  methods  of  correcting  the  apparent  distance  are 
given  \  one  bemg  that  hiventad  by  the  autiior  of  thb  work  in  the  year  17t$ ; 


•  lis  wwks  ckMbr  couoliad  were  fhoia  SMWIihWl  hf  JtatobM,  tHliwiia^  fMM%  Mot, 

tlitMmilgteBtMd^cadiM^MmtaiiM  •!  JSmn  Ai  Gotla  e«  l(rftactfMi'>*e.hMalia  btni 

wed. 

t  Tbb  iBPtbod  «u  communirnted  to  Mr.  "Wt  I^itf^  Vrks  piUMctf       aTetmlVf  it  IS  Ikff 

"  C^MUMMOMict  <kf  tcsijM  pottr_ruui«e,  tlOt.''  ^  " 
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vi  PREFACE. 

the  other  au  improvement  of  Wilcheli's  oieihud,  in  which,  without  alter- 
ing materially  the  calciilatioii«  the  number  of  cases  is  considerably  reduced. 

To  promote  the  accuracy  of  the  successive  editions  of  this  work,  all  the 
tables  (which  admit  of  it)  have  been  stercutypod,  namely,  Tables  I.  II.  III« 
V.  VII.  IX.  X.  XI.  XII.  XIIl.  XIV.  XV.'XVI.  XVII.  XVIH.  XIX.  XX. 
XXI.  XXII.  XXIII.  XXIV.  XXV.  XXVI.  XXVII.  XXVIII.  XXIX. 

XXX.  XXXI.  XXXII.  XXXIII.  xxxrv.  XXXV.  XXXVI.  XXXVIII. 

XXXIX.  XL.  XLI.  XLII.  XL.III.  XLIV.  and  XLV.  Sinrc  thr  publication 
of  the  first  stereotype  edition,  those  Tables  have  been  carefully  examined  by 
the  author,  and  the  few  mistakes  which  were  discovered,  have  been  cor- 
rected in  the  plates. 

Any  person  who  wishes  to  examine  the  tables,  may  do  it  by  the  methods  used 
for  that  purpose,  which  will  here  he  explained  with  some  additional  remarks. 

Tablks  I.  and  II.  were  caleuUited  hy  the  natural  sines  taken  from  the 
fourtli  editiou  uf  Sherw  in's  logarithms,  w  hich  were  previously  examined,  by 
differences;  wlien  the  proof-sheets  of  the  ffrst  edition  were  examined,  m& 
numbers  were  again  ealeulated  by  the  natural  sines  in  tJie  second  edition  of 
Hutton's  logarithms ;  and  if  any  difference  was  ibuodi  ^e  numbers  were 
calculated  a  third  time  by  Taylor's  lo{r;arithins. 

Table  UI.  contains  t(e  meridional  parts  for  every  degree  and  minute  of 
the  quadrant,  calculated  by  the  following  rtde,  vis. 

IVr  =:  T  X  0.0007 8 1 5704 1  n  a . 
in  w  hich  T  is  the  log-tanp;ent  less  radius  of  half  the  latitude  increased  by  45*^ 
tdven  to  seven  places  of  figures,  reckoned  as  integers,  and  M  is  the  meri- 
dional parts  of  that  latitude  In  mUes. 

Table  IV.  contains  the  decimation  of  the  sun,  which  was  compared  with 
tlie  Nautical  Almanacs  for  the  years  I8t4«  t8t9,  ISfta,  and  18£7,  andmark* 
ed  to  the  nearest  minute. 

Table  IV.  A.  The  Equation  of  Time,  for  Uie  years  18<i4,  IJiidB, 
and  1827. 

Table  V.  contains  the  correction  of  the  sun's  declination,  as  published 
by  Dr.  Maskelyne.  The  correction  taken  from  this  table  wall  rarely  dilEer 
more  than  16  or  17  seconds  from  the  (ruth. 

Tabli:  V^I.  contauis  tlie  mean  of  tiie  sun's  right  ascension,  taken  from 
the  Nautical  Alff"""*'*  for  the  years  18ft4, 18S6, 1816,  and  1827. 

Table  VI.  contains  the  correotioB  for  the  daily  Tariation  of  the  Equa- 
tion of  Time. 

Table  Vll.    contains  the  amplitudes  of  the  sun  for  various  latitudes  and 
doclinations  calculated  b^  Taylor's  logarithms  by  this  rule : 
Log.  see.  lat  +Log.  sme  declination— 10.0000000asLof.  sine  amplitude. 

Table  VIII.  contains  the  right  ascensions  and  declinaftions  of  76  stars  of 
the  first  and  second  magnitudes,  w  ith*  their  annual  variation*,  adapted  to 
the  beginning  of  the  year  1820.  This  table  was  formed  from  that  published 
by  the  Astronomer  Royal  at  Greenwich  (Mr.  Pond)  in  the  Nautical  Alma- 
nac for  1818,  with  the  addition  of  a  number  of  stars  from  the  Catalo||;iie  of 
Baron  Von  Zaeh. 

Table  IX.   contains  the  time  of  the  sun*s  rising  and  setting*  calculatsdby 

Taylor's  logarithms  by  this  rule  : 

Log.  COS.  hour=:Log.  tang.  decUn.  4-  Log.  tang,  latitude— 10.0000000^ 
Table  X.  contains  the  distances  at  which  any  object  is  visible  at  sea, 
calculated  by  the  rule  given  in  §  195  of  Vince's  Astronomy,  in  which  the 
terpestrial  refraction  was  noticed  :  this  circumstance  w  as  neglected  by  Ko- 
bt  rtson,  Moore,  and  others,  and  of  course  their  tables  are  erroneous*.  The 
i  ule  given  by  Mr.  Vmce,  expressed  in  logarithms,  is  this  : 

0.1S15&+Half  lo<;.  of  }Ri;:ht  in  feet=Log.  of  dist.  in  statute  mUes. 
In  reducing  tlie  rule  to  logarithms,  the  radius  of  the  earth  was  called 
S09 11790  feet,  which  agrees  nearly  with  the  mean  value  given  in  DeL«i 
Lande's  Astronomy. 

Table  XI*  is  a  common  table  of  proportioiial  part^,  the  cumtruction  of 
which  does  not  oeod  any  evplanation. 
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Table  XIT.  contains  the  refraction  of  the  heavenly  hmlirs,  ralculatcd  by 
Dr.  Bradley's  rule,  supposing  the  refraction  to  hv  a«  tlir  tangent  of  the  ap- 
parent zenith  distance  of  the  object  decreased  by  llirec  Limeb  the  refractiou, 
the  horizoDtal  refraction  being  supposed  equal  tn  99f> 

The  nde  expraned  in  logarithms  is  this  : 
Log.  tan{!^.  (npp.  7.rn.  dUt. — .-3.  refraction) — n.2tr3P.r).lt=Tjo;;.  of  ref.  in  sec. 

The  numbers  calculat(;d  by  this  rule  a^rce  nearly  with  those  published 
in  Table  L  of  Maskelyne's  Requisite  Tables. 

Tabu:  Xm.  cootuns  the  dip  of  the  horison  for  ▼artous  heights,  cakn- 
lated  by  the  rule  in  §  W7  of  Vince'a  Astronomy,  in  which  the  terrestrial  re- 
fraction is  allowed  for.  All  the  numbers  of  this  table  differ  a  little  from 
those  jmhlished  by  Dr.  Mankelyne,  who  had  made  a  different  allowance  for 
that  refraction.  The  rule  given  by  Mr.  Viuce,  expressed  in  logarithms,  is: 
1.771f711+ha]f  the  log.  of  the  height  in  feetsLog.  dip  in  seconds. 

Table  XIV.  contains  the  sun*8  parallax  in  altitude,  calculated  bv  multi- 
plying; the  natural  sine  of  the  apparent  zenith  distance  by  the  sun's  horizon- 
tal parallax  S^".  The  numbers  in  this  table  agree  with  those  published  by 
Dr.  Maskelyne. 

Table  Xv.  eontaim  the  augmentation  of  the  inoon*t  semi-diameter = 
1 5".  6^  X  nne  >  'a  altitude.  Thb  table  agrees  nearly  with  that  published 

by  Maskelyne. 

Tabl£  XV L  contains  the  dip  for  various  distances  and  heights,  calcula- 
ted by  thil  rule. 

3  h 

Ds^+0.565UX— 

7  (t 

in  which  D  represents  the  dip  in  miles  ur  minutes,  d  tlie  distance  of  the  laud 
in  sea  milea,  and  k  the  height  of  the  eye  of  the  observer  in  feet. 

Tables  XVII.  XVIII.  and  XIX.  were  first  calculated  by  the  author  of 
this  work,  and  published  in  the  Aj»}>en(lix  to  the  fir-t  ofVition.  The  correc- 
tion in  the  (ir^l  of  these  tables  is  e<|ual  to  the  (li(T«  re?jrc  bclwi  ru  the  star's 
refraction  and  60'.  The  correction  of  Table  XV  ill.  is  equal  to  the  differ- 
enee  between  60^  and  the  correction  of  the  aun's  altitude  for  parallax  and 
refraction.  The  correction  of  Table  XIX.  is  equal  to  the  dUTerence  between 
09'  42"  and  the  correction  of  lh»'  nio/ln's  altitude  for  parallax  and  refraction. 
The  logarithms  in  each  of  these  tables  may  be  found  by  adding  together  the 
constant  lo^.  9.6990,  the  log.  co-sine  of  the  apparent  altitude  of  tne  object, 
the  proportional  logarithm  of  the  correction  of  the  altitude  of  the  object  for 
parallax  and  refraction,  and  rejecting  20  from  (he  index.  The  method  of 
performing  these  calculations  aresoo!»vious,  that  it  is  unneci-'isary  to  enter  into 
any  farther  explanation.  Most  of  the  numbers  in  these  tables  were  calcu« 
lated  tiiree  diflbrent  tfanea. 

Table  XX.  Tlu  re  are  twoeolumns  tn  this  table  corresponding  to  each 
dejjree,  the  numbers  in  one  column  exceed  those  of  the  other  by  18",  (he 
nuniherH  in  the  least  column  express  the  difference  h,  betwe»  n  the  base  B 
and  tile  hypotenuse  B±b  of  a  right  angled  spheric  triangle,  whose  third 
aide  P,  never  exeeeda  Btf ;  the  argument  at  the^top  of  the  tidile  being  B,  and 
at  the  side  6a'±P.  The  ndue  of  b  being  found  Vy  thia  mio  By  Taylor's 

!p{?arithnis  : 

Lo^.  it  iu  8Ccondi)=XiOg.  co-tang.  B+Log.  vers,  sine  P— 14.68^^749— Diff. 

log.  linea  of  B  and  B±  |6 

in  which  the  last  term  may  inmost  cases  be neglert4;d. 
Tablf.  XX.  (New  Form.)  eorraetiona  inlseconds  addiim^  See  appends, 

pape  618. 

Tablk  XXI.  for  turning  time  hito  degrees,  is  the  same  as  in  otlier 
works  of  this  kind. 

Table  XXII.  contains  the  proportional  logarithms  for  three  hours.  The 
numbers  of  this  table  may  be  fouud  by  nubtraetius;  the  logarithm  of  the  time 
in  seconds  from  the  log.  of  10800"  ;  or,  which  is  the  some  thing,  by  the  fol- 
lowing Mile : 
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PNp.  log.  Ts4.0Ad47d8->log.  of  T  in  seconds,  ncgloctiog  the  three  right 

hand  fit^un-K  ((I  Uk'  remaindpr. 
Table  XXIII.  was  tir&t  constructed  by  Mr.  Douweaof  Amsterdam,  about 
the  year  1740,  for  which  he  received  JS.50  of  the  CommiBsioBen  of  Longi- 
tude in  Bni^aiid.  This  table  was  published  in  the  fint  end  second  editions 
of  the  Requisite  Tables  ;  in  the  former  of  which  it  was  carried  as  far  as  six 
hours ;  in  the  latter  the  tabit;  of  Lor.  Risinji;  was  extended  to  9  hours ;  in 
the  present  edition  of  this  work  it  is  extended  to  1  £  hours.  The  numbers 
ill  thk  table  are  eaaUy  deduced  from  the  log.  sines,  lug.  co-secants*  and  log. 
weed  sines  of  the  hour  to  which  they  correspond.  Thus,  if  the  time,  op- 
posite to  iny  number  of  these  tables  turned  into  degrees,  is  H,  we  shall  have 

ZiOg.  4  elapsed  time  of  Hs=log.  co-se.cant  H— 10.CM)00000 
Log.  midoie  time  =Log.  sine  H — ^1.6989700 
J        »l     jj  5  =Log.  versed  sine  H — r>. 0000000 
jjog.  nmgtl  ^  =2X  log.  siiiei  H— 14.G980700 

By  means  of  these  formula,  the  numbers  of  Table  XXIII.  were  calculated  by 
Sherwia's,  Hutton's  and  Taylor's  logarithmsf  and  above  a  thousand  errors 
were  diwovwed  in  theieoona  edition  ofthe  Requisite  Tables,  most  of  which 
were  in  the  additional  three  hours  (from  six  to  nine  hours)  notpublish(>d  in 
the  first  edition.  About  two  thirds  of  these  additional  numbers  difier  from 
their  true  values  by  one  or  two  units. 

Table  XXIV.  was  compared  with  Sherwin*s  and  Hutton's  Tables,  and  a 
few  errors  corrected. 

Tablb  XXV.  contains  the  log.  sines,  log.  tangents,  8te.  corresponding  to 
points  and  quarter  points  of  the  compass.  Tliis  was  compared  with  Sher- 
win's,  Hutton's,  and  Taylor's  logarithms. 

Table  XXVI.  contaius  the  common  logarithms  of  numbers,  which  was 
compared  with  Sherwin's,  Hutton*s  and  Taylor's  logarithms. 

TableXXVII.  contains  the  common  log.  sines,  tangents,  secants,  S(C« 
This  was  compared  with  Sherw  in's,  Hutton's  and  Taylor's  tables.  Two 
additional  columns  an*  given  in  this  table,  which  are  vt-ry  conrenif^nt  in  find- 
ing the  time  from  an  altitude  of  the  sun.  The  degrees  are  marked  to  180^, 
which  saves  the  trouble  of  subtracting  the  given  angle  firom  ISO^  when  it 
exceeds  90*^.  • 

Table  XX VIII.  was  calculated  by  proportioning  the  daily  Tiriatiott  of 
the  time  of  the  moon's  passing  the  mn  idian. 

Table  XXIX.  contains  the  correction  of  the  moon's  altitude  for  parallax 
and  refraction,  corresponding  to  Uic  oaraHaz  57' 30". 

Tables  XXX.  and  XXXI.  are  tables  of  proportional  parts,  taken  from  the 
Re<|uisite  Tables,  with  a  few  corrections. 

Table  XXXII.  cojitains  the  variation  of  ilic  altitude  of  any  heavenly 
body  for  one  minute  of  time  from  noon,  for  various  degrees  of  latitude  and 
declination.  The  following  method  was  used  in  constructing  the  ta* 
Me:— A  and  B  were  calculated  for  each  degree  of  decfination  by  these 
formula. 

Log.  A  =  Log.  l".l)6S49-f  e  log.  COS.  drrlination— 20.00000. 

Log.  B=Log.  A.4-l(>g'  tang,  declination — 10.00000. 
and  then  the  correction  of  the  table  corresponding  to  the  zenith  distance  Z 
( r=Lat.  4-  Dec )  was  found  by  this  formula.  A  X  co-tang.  Z  +  B.  To  fa- 
ce — 
cilit.^te  the  compuUition  of  these  numbers,  a  table  of  the  products  of  A  by 
the  whole  numljers  from  1  to  9  was  calculated. 

Table  XXXIll*  contains  the  squares  of  the  minutes  and  part^  of  a  mi- 
nute corresponding  to  every  second  from  0''  to  If'  99".  This  requires  no  ex- 
planation. 

Table  XXXIV.  contains  the  error  of  an  observed  angle  arising  from  % 
devialinn  of  l'  in  thr  |i;irallelism  of  the  surfaces  of  the  central  niirnir,  those 
surfaces  being  supposed  to  be  perpendicular  to  the  plane  of  the  iustrument. 
The  correction  in  the  fifth  column  of  this  table  corresponding  to  any  angle 
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A  io  the  Urst  culuinn  may  be  fmmtl  nearly  by  \W 
lows:  to  Uie  conHtant  loKarithni  0.07540  ami  ihe  lo^.  . .  i  a 
in  the  rulumn  of  log-laii^rui^  and  take  mit  th»'  corrrspoiurmg 
B,  then  the  correction  will  be  2  (B — 1,05.)    The  miinber^  in  lh» 
himn  are  nearly  equal  to  those  in  the  ftflh  ri) I 
£0^,  (ierr«'ns(  a  by  1'.  68.    The  mniiher^  in  Hir  ititi  •!  <  .lu.iuj  ai.  •  >, 
difference  between  1".  08,  and  the  juinnlKr.s  in  t!,.  Ti'tli  mn  "MM(»i»i«- 
A  02  £0^.    The  numbers  in  the  fonrtli  cohiinn 

<  nce  of  thenumbers  on  the  same  horizontal  line  \\\  coiuu  I  ami  thin, 

when  it  exceeds  tO^,  otherwise  ttaUr  half  sum. 

Table  XXXV.  contains  the  rorn  ction  to  be  .ijt^iic  d  lo 
taken  in  a  direction  inclined  tollu-  f»hiie  oftlu-  iiibUmnent. 
rule  was  used  in  calculating  thi^         :  Find  hu  nrch  A   >.<  h  i  . 

Log.  sine  A = Log.  sine    observed  angle -f  !•>;;.  ( <•  vine  of  error  c 
tion.    Then  the  dinerence  between  1  A  and  the  observed  angle  Wiii  lie  the 
tabular  correction. 

Tablk  XXXV'I.  contains  the  vnrintion  of  tllP^fl^lcan  rijfrartirM  ("'wt^n  • 
Table  XII.)  for  various  temperal        nd  densitie&ipf  the  air. 
tion  given  in  this  Table  is  nearly  Ute  iiiuuc  a»  that  (it  i1uc«d  frcmi  1 ) 
rule,  which  is  as  follows: — As  the  mean  huif^ht  of, the  barometer  .  • 
is  to  the  true  ht'.ight,  so  is  the  mean  refraction  \>>  t^i  .m.iv  ■  'i  i1  T' 
and  as  950  increased  by  the  hei;;ht  of  Fahrenh' 
so  is  the  corrected  to  the  true  refraction. 

Table  XXX\'II.  contains  the  la: 
of  the  Ist.  2d.  and  dd.  niagnitiidea.     in*  ui.;  .  iiMii  \\i>\<  . 

cei  arc  marked  in  the  Nautieal  Aliaaiiru-,  ;u-         •>  frDm  fli' 
Ushcd^  in  the  Nautical  Almanae  for  I8'2(i.  The 

table  published  in  the  second  edition  of  Doctor  y's  ti  '         n\  lon;:!- 

tnde.  supposing  the  annual  pr-  '       "n  [>{)".  85  ana  . 

his  table.    In  the  third  editi<)i,        i-  n-.it  l.    f!i<  i  ,,,, 
the  latitude  as  well  as  the  longilu 
latitudes  of  the  stars  In  that  edition. 

Table  XXXVIII.  was  ■  I  by  this  i 

fude,  R  the  reduction  of  liitiiu  :•  ,  ilien  log.  cc 
log.  co-Uing.  L.  The  redueti«n»  of"  p^r '11 '  V 
was  found  by  these  formulas  r>  i . 

COS.  *L ;  6".  1— «M  cos  L. 

Tablk  XXXIX.  V        ,1(  iil.»tr(l  I.  1  vol.  I.,  pane  331  of  \ 

Astronomy,  supposing  >  lo  bcihejil.t'  c  ui  u-  un,  I*  tli-il  oC  ihe  planet,  .»ua 
T  that  of  the  earth. 

Aberration=— I'P— i20"  i/ T  -eofthrdis- 

lances,  &tc.  given  by  \.:\  Place  in  vol.  11 1.  v  .  liis  ^T^•(••<ni.M"  r%  K  '  \ 
small  alteration  '  tl>e  rule  in  ealrulatin,. 

eury. 

Table  XL.  was  calculatnl  hy  —  1 7". 9.  sine  lon^.  I>'8  node. 
Table  XIJ.  was  calculated  by  —  20".  cos.  ar     •  nt. 
Table  XT, 11.    Parti.     r=— ir>".  l73cos.  ar  r  1 1.  =0"  ri?7  mo  nr. 

Part  III.  = — 3  .tf814  cos.  nr. 
Table  XLIII.  Part  I.  B  '.S.^  cos.  ai  ,         i  II.  =— I".  £2  cos.  arg. 

Part  III.  ==— 16"  ^ 
TaBL^  XLIV.  Part  I.  =;8".1845  i'ine  ;i         i    i  t  II.  =(ar"  cpronds)"* 

,  Part  IIL  =9R0'x sine  ])>  par.  in  lat.  X  tanp.  D'slnielaf. 


— OCo.  A<  ^^«  par.  in  lat. 


Ifwe  Wippo^Mljc  sura  of  thr-e  three  pans  to  t  coiicU,  and  the  moon*'^ 
horizontal  semi-dianietcr  to  b»'  1>  iiiinntet'  P  t;  ;  "r-f^i.onditjgto  S liud 
J)  Avill  be  Sx(t>4-1G)(D— K.) 
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Tablf  \1jV.  The  argumonts  at  the  side  being  B  and  12 — B  hours, 
:ind  the         I  difference  at  the  top  A,  the  correction  of  this  tabic  will  be 
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'J\vJiLi.  XLV'I.  contains  the  Latitudes  and  Longitudes  of  the  most  rc- 
m:'rk  >».!e  porte,  harbours,  Uc.  in  the  world.  Great  alterations  were 
in  1  liiis  tabb"  iji  the  fifth  editiim,  particularly  by  the  insertion  of 
more  than  thirteen  hundred  uddition»l  places  in  the  India  Seas  and  in  the 
Pacific  Ocean,  besides  various  corrections  in  other  parts  of  the  world,  con- 
sulting the  latest  and  best  authorities.  Several  corrections  and  additions  have 
also  been  made  in  the  present  edition. 

Table  XLVII.  contains  the  times  of  bij;h  water  on  the  full  and  change 
of  the  moon,  with  the  vertical  rise  of  the  tfde,  at  many  ports,  harbours,  &cc. 
ill  the  world.  This  table  (like  the  iHreccding)  depending  wholly  on  observa- 
tions, is  therefore  liable  to  be  erroneous,  though  great  pains  have  been  taken 
to  make  it  as  correct  as  possible. 

Table  XLVIII.  (Appendix,  pages  616  and  617)  contains  the  variation  of 
the  altitude  of  ai>  object  arising  from  a  change  of  100  seconds  in  the  declina- 
tion. 

Most  of  till.'  tables  of  this  collection  have  been  republished  in  London  in 
several  ♦•ditions  of  a  worl^  having  the  following  title:  "  The  Improved  Prac- 
tical '        iior,  oris^mally  xpriltcn  and  calculated  hy  NATUA?fiEL  Bowditch  ; 

'  dated,  and  newly  arranfrtd,  hy  Thomas  Kirbt."  But  a  num- 
M  i  cu  ini  i,iui;s  hnve  been  made  in  printing  the  Tables  of  Mr.  Kirby's  first 
edition,  some  of  which  havi*  been  taken  notice  of  by  Dr.  Mackay,  in  the 
preface  of  his  "Complete  Navigator;"  and  as  the  manner  in  which  Uiose 
mistakes  are  mentioned  niii;ht  lead  the  reader  to  suppose  that  the  same  er- 
rors existed  in  the  American  Tabb  it  is  thought  proper  explicitly  to  state, 
t\\:\*  '!  otiv  of  the  "many  errors  and  contradictions,"  Doctor  Mackay  has 
ni'         ed,  is  to  be  fouiul  therein. 

It  may  be  observed  that  the  first  method  of  working  double  altitudes, 
:t'  133.  is  an  improvement  of  a  method  published  by  Mr.  Ivory. 
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SIGXS  and  Abbreviations  used  in 
thisirofk  XV 


IWjmal  Arithmetic 
Geometry 

TVnMiiMfr^tinn  of  the  most  UScful 

propositions  of  geometry 
PcmonstratjoD   of  theorems  in 

plane  trigonornetry 
Geometrical  prohWrms 
Constnirtion  of  tho  plane  scale 
Description  of  Gnnter's^caki  ^ 
Detcription  and  use  of  the  ghding 

nik  ,  . 

mption  and  use  of  the  sector  Sff 
ind  the  logarithm  of  any  num- 
and  the  contrary 
MwAtipWcal'von  V>y  locrarithms 
Division  by  \ogaritbm% 
Invnlutiofi  br /ogarj/hms 
K volution  by  log^inthms 
The  rule  of  three  by  logarithms 
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to  a  dcgrre  of  lont^itudc  at  every 

dfgrco  of  latitude   

Qu»  stiotiH  to  exercise  the  learner 

in  piuallel  sailing"  tlU 
>li(bib'  latittitb'  saTTln:;  ilij 


Ti.ioriMn'*  in  niiddlt-  latitiid*'  sail- 
ing  fLt 
ISjTabb'  nf  solutions  of  the  sev^ntl 
17 


rases  of  middle  latitude  sailing  fifi 


(^iit  -tions  to  exercise  the  learner 
U)  lUKhlie  J  ititudi-  sailnig 


.Mt-rrator'^  sailing 


Yo  find  the  meridional  parts  cor- 
rcspondjug  to  any  degree  and  j> 

Table  of  solutions  of  the  vari<»! 


til  eases  of  Mereator's  sailing 
31  To  work  a  r<)m]»iiun«l  i  ourse  by 
52  mi^dl^^  lalitndr  or  lAJi  rrafors 
32 


To  calculate  compound  iiitercht 

Tofindthel.y         tangent,  kc. 
eorrespoodipg  to  any  imnitier 
id 


SgCoriatniction  and  use  of  Mt  tea- 


tor'     '  1 
aiilOf  II).  .  ^  line  and  half-minule 
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(     XV  ) 

SIGNS  AJN'D  ABBRE\  lATiONS  USED  IN  THIS  WORK.  *. 

^  ii  the  ilgD  of  addltiont  and  denotes  that  whatever  otunber  or  .qnanHty 
follows  the  si^f  must  be  added  to  those  that  go  before  it,  thus  9-|-8 
signifies  that  8  is  to  be  added  to  9.  Or  A-j-B  implies  that  tlie  qiiantitie;? 
represented  by  A  aud  B  are  tu  be  added.  The  ai^n  is  called  the 
v^Uitot  sign.      '  * 

ne  sigD  of  aubtraetioii;  and  denotes  that  the  number  followmg  it  muBt^ 
ktfobtracted  from  those  going  before  it,  thus  7 — :>,  si{];i)iile8that  Smvt 

be  subtracted  from  7.    The  sign  —  is  called  the  negative  sipn. 

X  Is  tliC  sign  of  multiplication,  and  shows  that  the  numbers  placed  before 
and  after  it  are  to  be  multiplied,  thus,  7x9  signifies  7  multiplied  by  9, 
fdiich  makes  6S;  and  7X€x 2. signifies  the  ronthiiied  product  of  7  by 
#ttld  by  2,  which  makes  112.  Multiplication  is  also  denoted  by  plac- 
ing a  point  between  the  qitantities  to  be  multiplied;  thua  A«B  Mgoifiei 
that  A  is  to  be  multiplied  by  H. 

-7-  b  the  sign  of  dhrlsion,  and  signifies  that  the  number  tiiat  sundi  befiwe 
it  ii  to  be  divided  by  the  number  foUowing  it,  as  7t4-lt  shows  that  79 
is  to  be  divided  by  12.  Division  may  also  be  dmoted  by  placing;  two 
points  between  the  numbers,  thus,  72 :  ii  rspresents  7i  difided  by  1:^ 

•  72  . 

or  by  placing  the  numbers  thus,  —  which  signifies  72  dirided  by  1£.  " 

12 

(  )  or  >  Either  of  these  marks  is  used  for  comioetiiig  numliers  to- 

gether, thus,  54-4 X  6,  or  (5-1-4)  X  <>,  siguilies  that  the  sum  of  5  and  k  is 
to  be  muhipUed  by  6. 

sst  Is  the  fl%Dof  equality,  and  shows  that  the  numbers  or  quatitities  placed 
bdbfe  itara  equal  to  those  following  it :  thus  8x  I2=::96.  Or  8  mul- 
tiplied by  12  are  equal  to  9G,  and  7-f  2  X  4=36. 

t : : :  b  the  sqpi  of  proportlbn,  and  is  marked  thus,  7  : 14  ::  10  :  20,  that  is, 
as  7  is  to  I4i  so  is  10  to  to.  Or  A :  B  : :  C  :  D,  that  is,  as  A  is  to  B>  so 
is  C  to  D. 

O    Signifies  deforces  ;  thus,  45^  re|»re>ents  40  degrees. 

*  Signifi^es  minutes ;  thus,  24'  or  24  minutes, 
"  gigmies  aeeoods ;  thus,  44",  or  44  seeonds. 

Signifies  thirds  or  sixtietii  parts  of  seconds ;  thus,  44'",  or  44  thirds. 
fV.    Signifies  sine.    N«  S.  Sif^iifies  Natural  sine. 

t^et.  Signifies  Secant.  '  •  , 
Tan.  Signifies  Tangent. 

Co-MDO^  Co-tangent,  or  Co-secant  of  an  areb  signifies  tlie  sine,  tangent  or 

seciutt  ottAe  complement  of  that  arch  respectively. 
<   Signifies  Angle  I  with  an  s  at  top  Angles,  <*• 
AdAngled, 

Signifies  Triangle.    £:^'s  Triangles, 
a    Siooifies  a  square. 

O  or  S  the  Sun.  O  or  D  the  Mooo.  *  a  Star.  L.  L.  Lower  Limtt. 
r.  L.  Upi>er  Limb.  N.  L.  Nearest  Limb.  S.  D.  Semi-diameter. 
P.  L.  Pri»poriioual  Logarithm.  N.  A.  Nautical  Almanac.  Z.  D. 
Zemih  Dislaj^c.   D.  K.  Dead  Keckoning. 
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DECiJIAL  ARITHMETIt . 


MANV  persons  who  have  acquired  considerahle  skill  in  roinuion  Arilb- 
inetic,  are  unacquainted  with  the  method  of  calculating;  by  decimals,  which 
18  of  great  use  in  Navigation  ;  for  which  reason  it  was  thought  proper  to 
prefix  the  following  brief  explanation. 

FToctioTis  or  Vulgar  Fractions  are  expressions  for  any  assignable  part  of 
Jin  unit ;  they  are  usually  denoted  by  two«numbcrs,  placed  the  one  above 
tht  other,  with  a  line  between  them  :  thus,  4  denotes  the  fraction  one-fourth, 
or  on%  part  out  of  four  of  some  whole  quantity,  considered  as  divisible  into 
four  equal  parts.  The  lower  number  4  is  called  the  drnominator  of  the  frac- 
tion, showing  into  how  many  parts  the  whole  or  integer  is  divided  ;  and  the 
tipper  number  1,  is  called  the  numerator,  and  shows  how  many  of  those  equal 
parts  are  contained  in  the  fraction.  And  it  is  evident  that  if  the  numerator 
and  denominator  be  varied  in  the  same  ratio,  the  value  of  the  fraction  will 
remain  unaltered  :  thus  if  the  numerator  and  denominator  of  the  fraction  4 
be  multiplied  by  2,  3,  or  4,  &tc.  the  fractJons  arising  will  Iw  |,  Stc, 
which  are  evidently  equal  to  4. 

Dtcimal  Fraction  is  a  fraction  whose  denominator  is  always  an  unit  witli 
ffome  number  of  ciphers  annexed,  the  numerat<»rs  of  which  may  be  any 
numbers  whatever ;  as  y Jj,  ^11^,  &.c.  And  as  the  denominator  of  a 
<1ecimal  is  always  one  of  the  numbers  10,  100,  1000,  kc.  the  inconvenience 
of  writing  these  denominators  may  be  avoided,  by  placing  a  point  between 
the  integral  and  the  fractional  part  of  the  number ;  thus  is  written  .3 ; 
and  j'j^  is  written  .14;  the  mired  number  3  ■jJj*^,  consisting  of  whole  num- 
bers and  fractional  ones  is  written  3.14. 

In  setting  do^n  a  decimal  fraction,  the  ntmierator  must  consist  of  as  many 
places  as  there  are  ciphers  in  the  denominator ;  and  if  it  has  not  so  many 
iigures  the  defect  must  be  supplied  by  placing  ciphers  before  them  ;  thus, 
-,*j^,=.ie,  y]^Jy=.016,  |^j'j^j=.001C,  kc.  And  as  ciphers  on  the  right 
hand  side  of  integers  increase  their  value  in  a  tenfold  proportion,  as 
S,  20,  200,  Ilc.  so  when  set  on  the  left  hand  of  decimal  fractions,  they  de- 
crease their  value  in  a  tenfold  proportion,  as  2,  .02,  .002,  Ilc.  but  ciphers 
set  on  the  right  hand  of  these  fractions  make  no  alteration  in  their  value, 
neither  of  increase  or  decrease ;  thus,  .2  is  the  same  as  .20  or  .iOO.  The 
common  arithmetical  operations  are  performed  the  same  way  in  decimals, 
as  they  are  integers  ;  regard  being  had  only  to  the  particular  notation,  to  dis- 
tinguish the  integral  from  the  fractional  part  of  a  sum. 

ADDITION  OF  DECIMALS. 

Addition  of  decimals  is  performed  exactly  like  that  of  whole  number^, 
placing  the  numbers  of  fhi'  same  denomination  under  each  other,  in  »rtiieli 
<-"a^  the  decimal  separating  points  will  range  straight  in  one  column. 


EXAMPLES. 

3Iilcs. 

Feet. 

Inelies. 

26.7 

1.20 

32.15 

2.31 

.Ol.U 

1.7«5 

2.1 57 « 

2.0 

.']1.4 

i02.orf9 


'.■*ir#5 


30.>.8?77 


DECIMAL  ARITHMETIC. 


SUBTRACTION  OF  DECIMALS. 

Subtraction  of  decimals  is  performed  in  the  same  manner  as  in  whole  num- 
bers, by  observing  to  set  the  figures  of  the  same  denomination  aiid  the  stv 
parating  point*  directly  under  each  other. 

EXA3IPLES. 

From31.2G7  S6.75  1.204  1.S64.2 


Take  2.63 


.026 


Dill'.  28.637 


36.724 


.316 


.938 


25.163 


1339.037 


MULTIPLICATION  OF  DECIMALS. 
Multiply  the  nuuil)cr9  together  llie  same  as  if  they  were  whole  iiuntbcrs,  and  point  oft* 
as  many  decimals  from  the  right  hand  aa  there  are  deciinab  in  both  factors  together ; 
and  n  hen  it  happens  that  there  are  not  so  many  fibres  in  the  product  as  there  must  be 
decimals,  then  prefix  as  many  ciphers  to  the  lell  hand  as  will  supply  the  defect. 


EXAMPLE  I. 
Multiply  3.25  by  4.5 
3.25 
4.5 


1.625 
13.00 


EXAMPLE  IV. 


Answer 


Multiply  .17  by  .06 
.17 
.06 


Answer    14. 625 
In  one  of  the  factors  is  one  decimal  and!  EXAMPLE  V 
in  the  other  two,  their  sum  3  is  the  number 
of  decimals  of  the  product. 

EXAMPLE  H. 
Multiply  0.5  by  0.7 
0.5 
U.7 


.0102 

In  each  of  the  factors  are  two  decimals, 
the  product  ought  therefore  to  contain  4, 
and  there  being  only  thre<i  figures  in  the 
product  1  prefix  a  cipher. 

Multiply  .19  by  24. 
.18 
24  • 


0.35  Answer. 
EXAMPLE  IIL 
Multiply  3.25  by  .05 
3.25 
.05 

-     .1625  Product. 


Answer 
EX.\MPLE  VI. 


72 
36 

4.32 

Multiply  36.1  by  2.5 
36.1 
2.5 


Answer 


18.05 
72.2 

90.25 


DIVISION  OF  DECIMALS. 
Division  of  decimals  is  performed  in  the  same  manner  as  in  whole  numbers  ;  onlr 
observing  that  the  number  of  decinials  in  the  quotient  must  be  equal  to  the  excess  of 
the  number  of  decimals  of  the  dividend  above  those  of  the  divisor. — ^^Vhen  the  divisor 
contains  more  dcciuuUs  than  the  dividend,  ciphers  must  be  affixed  to  the  right  hand  of 
the  latter  to  make  the  number  equal  or  exceed  that  of  the  divisor. 

EXAMPLE  I.  I  EXAMPLE  HI. 

Divide  14.625  by  3,25  Divide  3.1  by  .0062 

3.25)14.625(4.5 

Previous  to  the  division  I  affix  a  numl»cr 
jof  ciphers  to  the  right  hand  of  3.1,  vvUich 
does  not  alter  its  value. 


1300 

1625 
^  1625 

In  this  example  there  arc  2  decimals  in 
the  divisor,  and  3  in  the  dindend,  hence' 
th'cre  is  one  decimal  in  the  quotient. 
EXAMPLE  H. 
Divide  0.35  by  0.7 
.7).:i.H.5 

.35 


.0062)3.100000(500.00 
310 


01 MK) 


Therefore  thg  apawcr  is  500.00  or  500. 


• 


DECIMAL  ARITHMETIC. 


Here  ^  afTixin?  n  ripl*!r  to  9.6  it 
becomes  ^>.60,  and  lias  then  2  decimals 
in  it,  which  is  tlie  same  number  as  is 
in  the  dhisor,  therefore  the  quotient  is 
aoiBteceriHimber. 


EXAMPLE  V. 

Divide  17.296  by  i.lB 
116 


1016 

928 

880 
812 


REDUCTION  OF  DECIMALS, 
If  yim  wish  to  reduce  a  Tulgar  firaetion  to  a  decimal,  you  maj  add  any 
mmbet  of  ciphers  to  the  numerator,  and  it  by  the  denommator,  th*- 

Quotient  will  be  the  decimal  fraction  ;  the  (Irciinal  point  mii«=t  hv  so  placed 
tfaat  there  may  be  as  many  fij^iirt-s  to  thr  ri^ht  iinnd  of  it  as  you  added  ci- 
phers to  th<;  numerator ;  if  there  are  not  as  many  figures  iii  the  quotient,  you 
itrast  place  ciphers  to  tiM  left  hand  to  make  up  the  numher. 


EXAMPLE,  I.  B*duce  J  to  a  decimal. 


EXAMPI«E  n.  Ee^baee}  toadecimal 


EXAMPLE  IV,  Reduce  Sft  inch* 

es  to  the  dt'cinial  of  a  foot. 
d|asl :  this  divided  by  12  is  y 

34)7j0Q0(.2ai  ADSwer.  .  *  \ 


EXAMPLE  in.  Reduce  8  inches 
to  fbe  decimal  of  a  foot, 
gince  iz  mdiesasi  foot.  Hub  frac 

tiMia^ 

.35  Answer. 


4M 

330 
216 

40 

24 


EXAMPLE  V.  Reduce  1  foot  and 
6  inches  to  the  decimal  of  a  yard. 
Here  1  foot  6  inche«^^  1  r.  inchej«. 
And  1  yard^SG  inches,  tlierefore 
this  fraction  is  i|. 

36)>8.0(  J  AmWOT. 

U  W  have  any  decimal  fraction,  it  is  .'.-.^y  to  find  its  value  in  the  lower 
denJSiSS:;.  of  \o  .am.  quantity  ;  thus  if  the  ^^.^"^^^^ 
a  Tard.  by  mult.plymg  it  by  .i  we  hav  e  its  value  id  f"^«f^P*^  thL^a 
UDiy  liii*  by  12,  the  uroduit  is  its  value  m  inches  and  parts;  and  in  the  same 
^  '  ^l^^thlBt  may  he  ohtamed  in  other  cases. 


EXAMPLE  VI. 
Et(^udt^  value  of  3.45  yards. 


ass 

e 

n 


EXi^WLEVn. 
ReoiiiFed  the  rAlue  of  T.«ll  days. 


S4 

4r^ 


S  yards,  O  feet,  •  inches. 


60 


Answer  7  days,  5  hourt,  at  i^iftul** 
da  seconds* 


I 
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GEOMETRY. 


GEOMETRY  is  the  Science  which  troats  of  iho  description,  properti^ 
and  relations  of  map:nitu(l<'s  in  p;rn*'ral,  of  which  there  are  three  kinds  or 
species,  viz.  a  line  which  has  orjly  length  without  either  hreadth  or  thick- 
ness ;  a  superfices,  comprehendt'd  by  length  and  breadth,  and  a  solid,  which 
has  length,  breadth,  ana  tliiclmess. 

T* 

A  POiHT  considered  mathematieally  has  no  lenftth,  breadtlit  or  tludoieBS. 

ff. 

A  STRAIGHT  LINE  OH  RiuHT  LiNt^is  the  shortcst  distancc  betn'een  the  two 
vointswliichlmiits  its  length,  as         •  A  O 

III. 

A  PLANE  suPERFicER  is  that  in  which  any  two  points  bdn|^  taken*  th| 
straight  line  between  them  lies  wholly  in  that  surface. 

IV. 

Pabalul  LiiTES  are  such  as  are  in  the  same  plane  A         » B 

and  wliich  extonded  Infinitely  do  never  meet,  as  AB,  DO.    D  C  . 

V. 

A  CIRCLE  is  a  plane  fij^uro,  bounded  by  an  uniform  cun'e  line ;  it  is  com- 
monly described  with  a  pair  of  compasses ;  one  point  of  which  is  fixed, 
irtiflst  the  other  is  turned  round  to  the  place  where  the  motion  first  be|^ ; 
Ihc  fixed  point  is  called  the  cbntbb,  and  the  fine  described  by  the  other  point 
Is  called  the  ciBCUMf^BSivcB.  G 

VI. 

The  RADIUS  of  a  circle,  or  semi  diameter, 
is  a  right  line  drawn  from  the  centre  to  the  dr- 

rumf(  rcnce,  as  AC ;  or  it  is  that  line  which  is 
takt  n  hr  twccn  the  points  of  the  compasses  to  a  j 
describe  the  circle. 
V    A  DIAMETER  of  &  circIe  is  a  right  line  drawn 
through  the  centre  and  terminated  at  both  ends  jy 
by  the  circumference,  as  ACB,  and  is  the  doii- 
bfp  of  the  radius  AC    A  diairicter  divides  tlic 
circle,  and  its  circumference  into  two  equal  — 
parts.  '  VII.  •  F 

An  ABCB  of  a  cirde  is  any  part  or  portion  of  the  circumference,  as  DFE* 

VIH. 

The  CHORD  of  an  arch  is  a  straight  line  joining  the  ends  of  the  arch;  it 
divides  tiie  circle  into  two  unequal  parts,  called  segments,  and  is  a  chord  to 
them  both,  as  BE  is  the  chord  of  the  arches  DPE  and  DGE. 

IX. 

A  SEMICIRCLE,  or  half  circle,  is  a  figure  contained  under  a  diameter  and 
the  arch  terininnted  by  that  diameter,  as  AGB  or  AFB.  Any  part  of  a  circle 
contained  between  two  radii  and  an  arch,  is  called  a  sector. 

X. 

A  QUADRANT  13  half«a  semidrde,  or  one-fomth  part  of  a  whole  ctrde,  as 

the  figure  CAG. 

Note.  All  circles,  whether  great  or  small,  arc  supposed  to  have  their  cir- 
cumference divided  into  360  equal  parts,  called  degrees,  and  each  deeree  into 

-  60  equal  parts,  called  minutes;  and  eadk  aafaiute Into  60  equal  pam,  called 
seconds,  and  so  on  into  thirds,  fourths,*  .Sec.  and  an  arch  is  said  to  be  of  it 

•  wan^  degrees  as  it  contains  parts  of  thlt  d60,  into  which  the  eireumfereiMis 
Is  diTided. 


*  A  mw  dimion  of  xhe  circamfAmct  of  Uw  circle  lias  fately  been  aduptcd  br  MTitral  eminent 
Fceoeh  nwtbenwtidaos.  la  vhkh  lh«  awdfMM  k  dhrUcd  Into  iOO*,  «Mh  etgict  iM»  100;  c«ch  mi- 
nute into  ioo  \  ice.  raa  Hfetai  «r  leMMMnii  km  Mm  mUIiM  mrfwHih  tlwmlo.  Tbe  noeral 
•dMUon  oC  ikit  difMoa  wads  UMttmOy  to  IkdUMt  mmk  Ito  cMsUfm  of  mtl^Mlba  mtd 


c 

E 

GEOMETRY. 
XI. 

An  Anou:  is  llie  inclination  of  two  lines  which 
meet,  but  not  in  the  same  direction. 

An  angle  is  usually  expressed  by  the  letter  placed 
at  the  angular  point,  aswie  angle  A.  But  when  two 
or  more  angles  are  at  the  same  point,  it  is  then  ne- 
ce-ssary  to  express  each  by  three  letters,  and  the  let- 
ter at  the  angular  point  is  placed  between  the  two. 
Thus,  the  angle  formed  by  the  lines  AB,  AC,  is  call- A 
ed  the  angle  BAG  or  CAB,  and  that  formed  by  AB,  AD,  is  called  the  angle 
BAD,  or  DAB.  «. 

An  angle  is  nuasurtd  hy  the  arch  of  a  circle  comprehended  between  the  tita 
legs  that  form  the  an^le^  the  centre  of  the  circle  being  the  angular  points 

Thus  the  angle  A  is  measured  by  the  arch  BC  describ- 
ed roimd  the  point  A  as  a  centre,  and  the  angle  is  said  to 
be  of  as  many  degrees  as  the  arch  is,  that  is,  if  the  arch 
BC  is  30-,  then  the  angle  BAC,  is  said  to  be  an  angle  of  30  A 
degrees. 

XII.  C 
If  a  right  line  AB,  fall  upon  another  DC,  »o  as  to  incline  n<  ither  to  Ihe  onr 
side  nor  the  other,  but  makes  the  angles  ABC,  A 
ABD,  equal  to  each  other ;  then  the  line  AB  is 
said  to  be  perpendicular  to  the  line  DC,  and  each  of 
these  angles  is  called  a  right  angle,  being  each  equal 
to  a  quadrant  or  90'^ ;  because  the  sum  of  the  two 
angles  ABC*  ABD,  is  measured  hy  the  semicircle 
DAC,  described  on  the  diameter  DBC,  and  cen- 
tre B. 

xiir. 

An  AcrTE  Axole  is  less  than  a  right  angle,  as 
ABC. 

XIV. 

An  Obtuse  Angle  is  greater  than  a  right 
angle,  as  GEH.  • 

The  least  numl>er  of  right  lines  that  ran 
include  a  space,  are  three  which  form  a  11- 
i;ure  called  a  Triangle,  consisting  of  six 
parts,  viz.  three  sides  and  three  angles :  it 
19  distinguished  into  three  sorts,  viz.  a  right 
angled  triangle,  an  obtuse-angled  triangle, 
and  an  acute'aogled  triangle. 

XV. 

A  RioHT^rsGLED  Triangle  has  one  of  its  angles  right ; 
the  side  oppo^te  the  right  angle  is  called  the  hjffMlemisr  ; 
and  the  other  two  sides  are  called  legs  ;  that  which  stands 
upright,  is  called  the  perpendicular,  and  the  other  the 
base ;  thus  BC  is  the  hypotenuse,  AC  the  perpendicular, 
and  AB  the  base ;  the  angles  opposite  the  fwo  legs  arc 
both  acute. 


XVI. 

An  Acute-angled  Triangle  has  each  of  its 
angles  aciite,  as  DE(i. 
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GEOMETRY. 


An  Obtuse-Angled  TniANtiLK  has  ono  of  it-; 
iiuRh'S  obtuse,  or  prcater  than  a  ripht  anple,  as 
J{  AF  ;  tho  othf'i*  two  arifjlrs  an*  ariil«*. 

NOTE.  All  trinnglcs  iL.it  ar«-  not  rifjlil  an{:lc<l,  whcllier  tlicr 
nre  acute  or  oMtiM',  nre  in  (frneral  terms  colletl  Miqtu-angled 
trinngirt,  without  any  otlicr  (li!iii»ctif»n. 

XVIll. 

A  Quadrilateral  fij^ire  is  one  houndt^d  by 
four  sidfs,  as  ACDB.  If  the  opposite  sidos  are 
parallel  they  arc  called  parallelograms.  Thus 
if  AC  he  parallel  to  BD,  and  AB  parallel  to  CD, 
the  figure  ACDB  is  a  parallelogram.  A  parallelo- 
gram having  all  its  sides  equal,  and  its  angles  right, 
is  called  a  square,  as  B.  When  the  angles 
are  right,  and  the  opposite  sides  only  equal,  it 
is  called  a  rectangle,  as  A. 


XIX. 

The  Sine  of  an  arcli  is  a  line  drawn 
from  one  eiM  of  the  arch  perpendi- 
cular to  a  diameter  drawn  through 
the  other  end  of  the  same  arch  ;  thus 
US  is  the  sine  of  the  arch  AS, 
Its  being  a  line  drawn  from  one  end 
S  of  that  arch,  perpendicular  to  DA 
■which  is  the  diameter  passing  through 
the  other  end  A  of  the  arch. 

XX. 

The-Co-siNE  of  an  arch  is  the  sine 
of  the  comptemtnt  of  that  arch,  or  of 
^vhat  that  arch  wants  of  a  quadrant; A' 
thus  AH  bring  a  quadrant,  the  arrh 
SH  is  the  complrment  of  the  arrh 
AS ;  SZ  is  the  sine  of  the  arch  SH, 
or  the  co-sine  of  1  he  arch  AS. 


XXI. 

The  Versed  Sine  of  an  arch  is  that  part  of  the  diamoter  contained  l»r- 
tw  t;en  the  sine  and  the  arch  ;  thus  RA  is  tlic  versed  sine  of  the  arch  AS,  and 
IJCR  is  the  versed  sine  of  the  arch  DHS. 

XXH. 

The  Tangent  of  an  arch  is  a  right  line  drawn  perpendicular  to  the  diame- 
ter passing  through  one  end  of  the  arch,  and  terminated  by^  line  drawn 
from  the  centre  tlirough  the  other  end  of  the  arch  ;  thus  AT  *  the  tangent 
of  the  arch  AS. 

XXIII. 

The  Co-TANGENT  of  an  arch  is  the  tangent  of  ihd  complement  of  fliat 
arch  to  a  (piadrant ;  thus  HG^  is  the  tangent  of  the  arch  HS  or  the  ro-inu- 
gent  of  the  arch  AS. 

XXIV. 

The  Secant  of  an  arch  is  a  right  line  drawn  from  the  centre  through  one 
end  of  tile  arch  to  meet  the  tangent  drawn  fn)m  thr  olh«T  rnd  :  thtis  CT  is 
the  secant  of  the  arch  AS. 


» 
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XXV. 

TliH  Co-secant  of  an  arch  w  tlu;  secant  of  the  coni|jknient  t>f  that  ardi  to 
a  quadrant,  thus  CG  is  the  secant  of  the  arch  SH,  or  co-secant  of  the  arch  AS. 

XXVI. 

What  an  arch  grants  of  a  semicircle  is  called  the  Supplement  of  the  arch, 
thus,  the  arch  DHS  is  tlie  suppk  iiient  of  tin-  arch  AS.  Thesinc,  tangent,  or 
secant  of  an  arch,  is  tlie  same  as  the  sine,  tanp^ent,  or  secant  of  its  supplement ; 
thus,  the  sine  of  i{0^=suie  of  100'^,  and  the  sine  of  70O=sine  of  1  lO^,  kc. 

XXVII. 

ff  one.  line  AB'/all  any  icaxf  upon  another  CD,  the 
sum  of  the  two  angles  XBD,  ABC  is  always  equal  to 
tiPo  right  angles. 

For  on  tlie  point  B  as-  a  centre,  describe  the  cir- 
nilar  arch  CAD,  cutting  the  line  CD  in  C  and  D; 
then  (by  art.  6>  this  arch  is  equal  to  a  semicircle,  but 

jt  is  also  equal  to  the  sum  of  the  arthes  CA  and  AD,  the  measures  of  the  two 
•  angles  ABC,  ABD  ;  therefore  the  sura  of  the  two  angles  is  eqiud  to  a  semi- 
circle,  or  two  right  angles.  Hence  it  b  evident  that  all  the  angles  which  can 
1)0  made  from  a  poiut  in  any  line,  towards  one  side  of  the  lim*,  are  equal  to 
two  night  angles,  and  Ih  it  all  the  angles  which  can  be  made  about  a  pouit,  arc 
«:qual  to  four  right  angles. 

XXVIU. 

If  a  line  AC  cross  another  BD  in  the  point  E,  the  opposite  angles  tcijl  It 

liqual,  viz.  BEA=:CED,  and  BEC=AEn.  ^  ^ 

Upon  th«i  point  E  as  a  centre,  describe  flie  circle 

ABCD  :  then  it  is  evident  that  ABC  is  a  semicircle, 

i»s  also  BCD  (hij  the  6</i ;  tlu  refore  the  arch  A  BC  =archB 

BCD,  taking  from  both  the  common  arch  BC,  there — 
■  l  eniains  AB= CD,  that  is,  the  angle  BE  A  equal  to  the 

angle  CED.    After  the  same  manner  we  may  prove 

that  the  angle  BEC  is  equal  to  the  anj^Ie  AED. 

^  XXIX. 

^'  If  a  line  GH  cross  two  parallel  lines,  AB,  CD,  it  makes  the  external  opposite 

angles  t(fual  to  each  other,  viz.  GEB=CFH  o«rf  AEG=HFD. 
For  smce  AB  and  CD  are  parallel  to 

each  other,  they  maj^he  considered  as  one 

broad  line,  and  GH  crossing  it ;  then  the 

vertical  or  opposite  angles  GEB,  CFH' 
'  are  equal  (by  arl.ZB)  as  also  AEG = HFD. 
^  XXX. 
'      //  a  line  GH  cross  two  parallel  lines' 

AB,  CD  (see  the  figure)  tht  alternate  an- 
gles AEF  and  EFD,  or  CFE  and  FEB 
* '  are  equal.  r  H 

For  GEB  =  AEF  (art.  i?  also  CFH=EFD  (Inj  the  same  art.)  but 

(fEB=CFH  by  the  last.  '1  .i.  i .  lore  AEF  is  equal  to  El'^'D ;  in  the  same  way 
may  we  prove  FEB = CFE.  * 

XXXI. 

^     ff  a  line  GH  cross  tico parallel  lines  AB,  CD  (see  the  i        ling  figure)  the 
trt^rnal  angle  GEB  is  equal  to  the  internal  opttosite  one  LA-  D,  or  AEG  equal 
'  to  CFE. 

For  the  angle  AJiF  is  equal  to  the  angle  EFD  by  the  last,  and  AEF=GEB 
(by  art.  iH)  therefore  GEB=:EFD;  in  the  same  wav  wc  may  pn»vi- 
\K(J=CFE.  XXXH. 

If  a  lint  GH  rmss  tieo  jmralUl  lines  AB.  CI)  (?<e,e  thr  jut  ciding  figure)  the 
sitni  of  the  tiro  inttrnul  angles  BEF  and  DFE,  or  \\uV  and  CFE  is  tqmd  to 
•  ttpo  riitht  angles.  '  -  # 

For  since  the  atjgle  GEB  is  equal  to  the  ;4ngl»'  EFD  (by  the  last)  to  both 
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add  the  angle  BEF,  and  we  have  GEB4-BEF=BEP"-}-EFD,  but  GEB+ 
BEF=two  right  angles  (art.  t7.)  Hence  BEF4-EFD=two  right  angles  : 
and  in  the  same  manner  we  may  prove  AEF-|-CFE=two  right  angles. 

XXXIII. 

•  In  any  trinngk  ABC,  one  of  its  legs,  as  BC  being  produced  towards  D,  the 
external  angle  ACD  is  equal  to  the  sum  of  the  internal  and  opposite  anglrs 
ABC,  BAC. 

To  prove  this,  through  C  draw 
CE  parallel  to  AB ;  then  since 
CE  IS  parallel  to  AB  and  the 
lines  AC,  BD  cross  them,  the  an- 
gle ECD=ABC  (by  article  31 ; 
and  ACE=BAC  (by  article  3o)b 
adding  tliese  together  we  have 
ECD-f  ACE=ABCH-BAC;  but 
ECD+ACE=ACD,  therefore  ACD=ABC-f  BAC 

XXXIV. 

Hence  it  may  be  proved  that  if  any  two  lines  AB  and  CD,  he  crossed  ly  a 
third  line  EF,  and  the  alternate  angles  AEF  and  EFD  be  equal,  tht  lines  AB 
and  CD  will  be  parallel. 

For  if  tliey  are  not  parallel, 
they  must  meet  each  other  on 
one  side  of  the  line  EF  (suppose 
at  G)  and  so  form  tlie  triangle 
EGF,  one  of  whose  sides,  GE 
being  produced  to  A,  the  exte- 
rior angle  AEF  must  (by  the  pre- 
ceding article)  be  equal  to  the 
sum  of  the  two  angles  EFG  and 
EGF ;  but  by  supposition  it  is 
equal  to  the  angle  EF^G  alone  ; 
therefore  tJie  angle  AEF  must  be 
equal  to  the  sum  of  the  two  an- 
gles EFG  and  EGF,  and  at  the  same  time  equal  to  EFG  alone,  which  is  ab- 
surd  ;  therefore  the  lines  AB,  CD  cannot  meet>  and  must  be  parallel. 

XXXV. 

•  In  any  right  lintd  triangle  ABC,  the  sum  of  the  three  angles  is  equal  to  (icu.- 
right  angles. 

To  prove  this,  you  must  produce  BC  (in  the  fg.  art.  3S,)  towards  D,  then  • 
(by  art.  US)  the  external  angle  ACD=ABC-|-BAC,  to  both  add  the  anglft 
ACB  and  we  have  ACD-|- ACB=ABC-f  BAC-f  ACB,  but  ACDH- ACB=r 
two  right  angles  (by  art.  27.^  Hence  ABC-f-BAC4- ACB=two  right  angles ; 
therefore  the  sum  of  the  three  angles  of  any  plain  triangle  ACB  is  equal  to*. 
two  right  aftigles.  4 

XXXVI. 

ffente  iit  any  plain  triangle,  if  one  of  its  angles  be  knotcn,  the  sum  of  t he- 
ather two  will  oe  also  known. 

For  by  the  last  article  the. sum  of  all  three  angles  is  equal  to  two  right  an-,'-* 
gles  or  180^,  hence,  by  subtracting  the  given  angle  from  1U0^»  the  remainder  « 
will  be  the  sum  of  the  oUier  two. 

In  any  ri^ht  angled  triangle,  the  two  acvte  angles  taken  together  nrr  just  ^  . 
equal  to  a  right  angle  :  for  all  tlin-e  angles  being  equal  to  two  right  angles,  * 
and  one  angle  being  right  by  supposition,  the  simi  of  the  utiier  two  mu^^t  be  • 
equal  to  a  right  angle,  conseijuently  any  one  of  the  acute  angles  being  given,, 
the  other  one  may  be  found,  by  subtracting  the  given  one  from  HO  degre.es. 

XXXVII.  r 

If  in  any  tico  trianglt^s  ABC,  DEF,  two  f' of  ihr  one,  AB,  AC.  U  equal, 
to  tiw  legs  of  ihe  (ithr  DK:  DF,  rach  to  eich     .    fivfty,       iff  AB  =  DE  utrl 
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ACsDF*  mif  Ikt  cmgkt  BAG,  EDF  included  betimm  tht  equd  kg»  be  epaji^ 

then  the  remtdning  leg  of  the  one  trill  he  equal  to  thf  revuiimng  leg  of  the  otktr, 
and  the  angles  apposite  to  the  tqual  legs  tcxli  be  tcfval^  that  is,  BC=£F,  ABCss 
DEF,  and  ACB=DFB. 

•Foi^if  thfi  triao^  ABC  be  suppos- 
ed to  be  lifted  up  and  pui  ttpon  thf'  tn- 
an|;le  DEF,  with  the  point  A  on  thf 
point  D  and  the  line  AB  upon  DE ;  it  id 
plain,  aincft  ABaaDB,  that  llie'pohit  B 
will  fall  upon  E9  and  siiire  the  <-in{!;l«>.s 
BAC,  EDF  an-  equal,  the  line  AC  will  B 
fall  upon  I)F,  and  these  lines  beinj;  of 
equal  length,  the  point  C  will  fall  upon  F,  con.sequentiy  tiic  line  EC  will  fali- 
eiactly  upon  the  one  BP,  and  the  mangle  ABC  will  in  all  reqpeetB  be  exact- 
W  equal  to  the  triangle  DEF,  and  the  angle  ABC  will  be  equal  to  the  ancle 
0£F,  also  the  aniglftACB  will  be  equ;il  to  tiio  ande  DF£. 

XXXVill. 

JJkr  like  tame  mamur  it  may  be  pntid  ikaijfU  aity  two  tmmgkt  ABCt 
DBF  (see  the  jireceding  figure)  two  angles  ABC  and  ACB  of  the  onty  he  equal 
to  firo  an^hs  UEF,  DFE  of  the  other,  and  the  included  side  BC  6*  equal  to  EF  ; 
the  remaining  sidfs  and  included  angles  will  also  be  rqual  to  tnch  other  rurjKC- 
tiof/y,  that  is,  AB=DE,  AC=DF,  tmd  the  an^U  HAC  =aiiglf  EDF. 

For  if  th^  trian^e  ABC  be  supposed  to  be  b/led  up  and  laid  upon  the  tri- 
•Ogle  DEF,  the  point  B  being  upoo  the  fmint  E,  and  the  line  RC  upon  the 
line  EF;  then  since  Br  =  EF  the  point  C  will  fall  uj)on  the  point  h\  and 
since  the  an^e  ACBsUie  angle  DFE,  the  line  CA  will  fail  upon  the  hue  FD, 
.  and  hj  the  same  way  of  reasoning,  the  fine  BA  wfH  M  tipoB  the  fine  ED, 
therefore  the  point  of  intersection  A  of  the  two  lines  BA«  CA*  will  fall  upon 
D,  the  point  of  intersertion  of  the  lines  ED,  FD,  conseq^ueiitly  ABsi^E, 
^  ACs^DF,  and  the  anisic  BAC=tl|e  angle  EDF. 

XXXIX. 

ff  Im  iUtB  ^  0  triangk  art  equal f  the  mgka  . 
nfponte  that  fidet  friU  also  be  equal ;  that  if,  i7* 

AB= AC,  M«  angles  ABC,  ACB  mil  also  be  equal. 

For  draw  the  line  AD  bisecting  the  angle  BAC, 
and  meeting  the  line  BC  in  D,  dividing  the  triangle 
BAC  into  two  triangles  ABD,  ACD»  in  which  the^^ 
side  AB=:  AC,  the  side  AD  is  common  to  hoth  tri 
angles,  and  the  angle  BAD=the  angle  D\C  ;  con 


sequently  (by  art.  ST)  the  angle  ABD  must  he  euual  to  tlie  angle  AC^D. 

The  «oinrene  of  this  propoptien  la  also  true ;  mat  is,  \ftm  angles  of  u  tii^ 
w^i^  an  ^ftuifihMtpptlme  tides  are  also  eqml.  This  is  <MBMMiitra|Bd  iiearbr 
IB  the  same  manDer  1^  iiieana  of  art  S8.  • 

XJL. 

Anif  angle  at  the  circumfk^tnce  q/*  a  circle  is  half  the  angle  at  the  centQn 
landing  upon  Ae  tmmt  aren* 

Thus,  the- angle  BAD  is  half  the  angle  BCD  standing 
upon  the  same  arch  BD  of  the  circle  BEDA,  whos4'  cen- 
tre 18  C.  To  demonstrate  this,  draw  through  A  and  the 
centre  C  the  right  line  ACE,  thuii  (by  art.  9S)  the  angle 
CAD<f  aag9eCDA=::angIe  ECD,  but  ACasCD  (being  tv^o 
radii  of  the  same  circle)  therefore  (by  art.  SHj  the  angh" 
CAD=thc  angle  CDA,  and  tlie  Mun  of  tin'sc  two  annles  is 
the  double  of  either  of  them,  that  in,  CAD4-CDA=twice  , 
CAD,  therefore  ECDstsriee  CAD ;  in  the  same  manner  it  may  he  moved 
that  BCE=twice  BAC,  and  by  adding  these  together,  w  e  have  ECD+BCE 
=xtwice  CAD+twice  BAC,  that  is,  BCI)  =  twice  BAD,  «»r  BAD  equal  fi» 
half  of  BCD.  The  demonstration  is  similar  when  B«  !>•  on  Uie  b<tipe 
side  of  B- 
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XLI. 

4n  nn^le  at  the  eircmiferente  m  nuasund  by  half  thf  arrh  it  iubttnds. 

Kur  an  angle  at  the.  centre  sLaiiding  on  Uie  8aine  arch  j| 
is  measured  by  the  whble  arch  (by  art,  W);  but  since  an 
aagie  at  the  centre  »  double  that  at  die  ciMumferenee, 
(art.  Ad)  it  is  evident  tliat  an  angle  at  the  circumference^^ 
must  t>f*  measurcHi  by  half  the  'arch  it  stands  upon. 
Henct  all  angUs  ACB,  ADB,  AEB,  inc.  at  the  circum- 
ference of  a  circle  ttanding  on  'the  mine  chord  AB  are 
efwU  to  eaek  otiuT  ;  for  they  an  all  iiiea8i<M,byUie  same 
arch,  viz.  half  the  arch  AB. 

XLII.  ' 

An  angle  in  a  segment  grtater  than  a  umicircU  ig  leas 
than  a  right  angle. 
Thua  u  ABC  be  a  segment  gieater  than  a  semicircle^ 

the  arch  AC  on  which  it  stands  must  be  W'sh  than  a  semi- 
circle, and  th«'  half  of  it  less  than  a  quadrant  or  a  right 
angle ;  but  Uie  angle  ABC  in  the  segment  is  measured 
by  the  half  of  tlie  arch  AC ;  therefore  it  is  less  than  a 
right  angle. 


Anangkina 


it  a  nght  angh* 


For  since  DEF  is  a  semicircle,  the  arch.DJKF  must 
also  be  a  semicircle ;  but  the  angle  DEF  is  measured  by 
half  the  arch  DKF,  that  is,  by  half  a  seinicircle  or  by 
a  quadrant ;  therefore  the  anf^  DEF  is  a  right  one.- 

'   An  oni^  m  a  segmmt  kis  than.a  tevneirele  &  greater 
thanari^an^  •  # 

Thus  if  OHi  be  a  segmf^nt  less  than  a  semicu-cle,  the 
arch  GLI  on  which  it  stands  must  be  greater  than  a  se-^ 
micircle,  and  its  half  greater  than  a  quadrant  or  right 
angle :  therefore  the  angle  GHI  whidi  is  measured  by 
htSt  the  arch  OLI  is  greater  than  a  right  angle. 

XLIIT. 

If  from  the  centre  C  of  the  rirrU-  ABE,  there  be  h(  fall 
the  perpendicidar  CD  on  the  chord  AB ;  it  will  bisect  the, 
chard  m  the  p^D. 

Draw  the  radii  CA,  CB^  then  (by  art.  99)  the  angle 
CBA=the  angle  CAB,  and  as  the  angles  at  D  are  right, 
the  angle  ACl5  must  he  equal  to  the  angle  BCD  (hy  art. 
96.)  Hence  in  the  triangles  ACD,  BCD,  we  have  the 
angle  ACD  equal  to  the  angle  BCD/  PA=CB  and*GD 
common  to  both  triangles,  consequently  (hy  art.  91) 
ADsDB,  that  is,  AB  is  bisected  at  D. 

XLIV. 

If  from  tlte  centre  C  of  the  circle  ABE  there  be  drutcn  a  perpendicular  CD^ 
'    l.andUte  coHtimed  f»  meet  the  axck  in  l\  it  will  bisect  the 


to  the  chord  AB^ 

arch  AFB  in  F.   (See  the  preceding  figurei ) 

For  in  the  last  article  it  was  proved  that  the  angle  ACDasthe  ang^  BCD, 
hence  fiy  oit.  1 1>  the  arch  AFssthe  arch  FB. 

•  XLV. 

Aftjf  Unt  bisecting  a  chord  at  right  angUs  is  a  diameter. 
For  since  f  6y  orl.  4S^  a  line  drawn  from  the  centre  perpendicolar  to  a  chord* 
bisects  that  chord  at  right  angles,  therefore  conversely  a  line  bisecting  a  chord 
at  right  angles,  must  pass  through  the  centre,  and  consequently  be  a  aameter. 
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Tiut  iint  ofanif  arch  is  equal  to  half  the  chard  of  ticice  thai  arch. 
For  (tntkelmt  9dieme)  AD  is  the  liiMof  tbe  arch  AF,  and  AF  is  equal  to 
liair  the  arch  AFB  .and  AD  half  the  chord  AB*  whence  the  proposition  n 
uanifeat. 

XLVII. 


^1180  eqwi  and  paraUel  lines  AB,  CD,  bt  Joined  hv  A 
poothenrAC^BD^thetewyibeaUot^miparalut 


twOi 

To  demonstrate  this,  joui  the  two'  opposit't'  ariKles 
A  and  D  witli  the  line  AD  ;  then  it  is  evident  tliat  the 

line  AD  dividt^  the  quadrilateral  ACDB  into  two  tri- 1  ^ 
angte«  ABD,  ACD,  in  which  AB  is  equal  to  CD  hyO  ^ 
supposition,  and  AD  is  rominon  to  both  triangles;  and  «nce  AB  is  parallel  to 
CD,  the  angle  BAD  i'^  equal  to  the  angli*  ADC  (Ijf  art.  SO),  therefore  in  the 
two  triangles,  the  sides  AB,  AD,  and  the  an^le  BAD  ;«re  r(pial  respectively 
to  the  sides  CD,  AD,  and  the  angle  ADC  ;  iience  (bu  art.  5?)  BD  is  equal  to 
AC,  and  the  angle  DAC  equal  to  the  angle  ADB ;  therefl»re  (by  art,  94)  the 
lines  BD,  AC,  must  he  parallel. 

Cor.  Henre  it  follows  that  the  qiiadriljiternl  ARDC  is  a  parall»  loKram»  since 
ihxi  uppu^ite  sides  are  parallel.  It  is  also  evideut  that  in  any  parallelogram, 
the  line  joining  the  opposite  angles  ^called  the  diagonal)  aa  AD*  divides  the 
figure  ijini.two  equal  parts,  sinee  it  has  been  proved  that  the  trianglea  ABD, 
ACDf  are  equal  to  eaich  other. 

XfA  III.  •  .  . 

It  fidlowB  also  from  the  fireeeding  article,  that  a  triangle  ACDfmAe pn- 
ewng  ^un)  on  the  sanu  Ixist  ,  and  betteeen  the  §ame  paraUeU  vdtkanval- 
Ulogram  ABDC,  iMththaifi^  that  paraUdbmn.  ^ 

•  xux. 

Fkom  the  same  article  ifr'aho  follows,  that  the  o^ite  sides  of  a  parol- 
'Ulogram  are  equal.   For  it  has  l>een  proved,  that  ABDC  being  a  paraUelo- 
gnon,  AB  is  equal  to  CD,  add  AC  equal  to  BD. 

All  paralldogranLS  on  the  same  or  cyual  bases,  and  bettcten  the  same  paral- 
iOs,  are  equal  to  eodk  otfter;  that  it,  tf  BD  and' GH  he  equal,  and  the  Umea 
BH,  AF  be  paraUa,  Ube  parallelogramt  ABDC,  BDFB  and  EFHO  wiU  he 

equal  to  tack  other. 

For  AC  is  equal  to  EF  each  hein- 
equal  to  BD  (bif  art.  49^  to  both  add 
CE  and  we  have  AE  equal  to  CP; 

therefori'  in  the  two  triangles  ABE, 
'  CDF ;  AB  is  v([\u\\  to  CD,  and  AE  U 
equal  to  CF,  and  llic  angle  BAE  is 

equal  td  DCF  (by  art.  SiJ  fliereforre  B    "B^     "  '  ^  '  K 

the  two  triangles  ABE,  CDF  are  equal  (hi/  art.  .i7^  ami  taking  the  triangle 
i  KF.  fronrboth,  the  figure  AHKt '  equal  I'o  the  fiKure  K  DFE,  to  both  which 
add  the  little  triangle  KBD,  and  \\r  have  the  paraIloli»giain  ABDC  equal  t»» 
the  parallebgram  BDFE.  In  the  same  way  it  may  he  proved  thai  the  pa- 
raUelogram  EFHG  n  equal  to  the  parallelogram  BDFE ;  therefore  the  three 
paiiUelogTaras  ABDC,  BDFE,  and  EFHG  arc  equal  to  each  other. 

Cor.  Hence  it  follows,  that  friam];les  on  the  same,  base  nnd  hi  tmen  the  same, 
parallels  are  equal,  since  they  are  the  half  of  the  parallelograms  on  the  samu 
hase  and  betweewthe  same  parallels  (by  art.  48.^  ^ 

LI.  ^ 

In  any  rij^ht  anghd  trianf^lt,  the  square  of  the  hypotenuse  is  equal  to  the  sun 
of  the  squares  of  the  tim  -'^iilrs.  Thus  if  BAC  h  a  rii^ht  ane^led  triarie;le  th- 
square  of  the  hupotenuse  BC,  viz.  BCMH,  is  equal  to  the  sum  of  the  squares 
mnkmtheiristnU«9ABandAC,vbL.toABDEmdACQP. 

demonstrate  this,  through  the  jioint  A  draw  AKL  perpendicular  to  th»; 
hypotenuse  B^.  Joip  AH,  AM,  DC,  and  BG ;  then  H  is  evident,  that  DB 


J2 


.GEPMETRY. 


is  rqual  to  BA  (bif  art.  IZ)  and  BH  equal  to  BC,  therelbrc  iu  the  tnangtefl 
DBC,  ABHt  the  two  legs  DB,  BC  of  the  one  are 
equal  to  the  two  legs  AB,  BH,  of  the  other;  and.  V 
the  included  angles  DBC  and  ABH  are  also  equal, 
(for  DBA  is  equal  to  CBH  being  both  ri|z;h(,  to  each 
add  ABC  and  we  have  DBC  equal  to  ABH)  there- 
•-fore  the  triangles  DBG*  ABH  are  eipinl  (by  art,  87 J 
but  the  triangle  DBC  is  half  of  the  stjuare  ABDl^ 
(by  art.  48 )  and  the  trianj^le  ABH  is  half  the  paral- 
lelogram BKLH  (by  the  samr  art.)  consequently  the 
square  ABDE  is  equal  to  the  parallelogram  BKLH. 
In  the  same  way  it  mav  be  proved  that  the  square 
ACGF  is  equal  to  the  fiaraBelogram  KCML. 
Therefore  the  sum  of  the  squares  ABDE  and 
ACGF  is  equal  to  the  sum  of  Uie  parallelograms  BKLH  and  KCML  ;  but 
the  sum  of  these  parallelograms  is  equal  to  the  square  BCMH*  therefore  the 
aum  ot  the  squares  on  AB  and  AC  is  equal  to  the  square  on  BC.' 

Cor.  Hence  in  any  right  angled  triangle,  if  we  have  the  fiypotenuse  and* 
one  of  the  legs,  we  may  easily  find  the  other  leg,  by  taking  the  square  of  the 
given  leg  fcpnt'lheaQuare  of  the  hypotenuse,  the  square  root  of  the  remainder 
win  be  tb«ma9»ag.  Thus  if  the  hypotettdSe  was  19,  and  one  leg  was 
the  other  leg;  would  be  IC,  for  the  square  of  ft  is  €5*  and  the  square  of  13  is 
169,  subtracting  25  from  169  leaves  14t,  the  sqiinro  root  of  which  is  12.  If 
both  le^s  are  given,  the  hypotenuse  may  also  be.  found  by  extracting  the 
aqoara  root  of  the  sum  of  the  aqoaiet  of  tiie  legs ;  thys  if  one  leg  was  6,  and 
the  other  8,  the  square  of  the  first  is  88,  fbto  s^nart  of  the  second  is  64,  adding 
96  and  64  together  gives  100,  who9e  89uare  root  ia  10^  whidi  is  the  sought 
hypotenuse.     ^  *  . 

J^W  ommiiiUs  an  9idd  to  he  proportiondtt  tsfteii  tte  magnitude  of  the  firH 
cenwared  with  the  meond  tf  tie  amne  a$  the  magtilude.of  Me  tkbrdpim^and 

wUk  the  fourth. 

Hhus  4,  0,  12  and  24,  are  proportional,  because  4  is  half  of  8,  and  12  is  half 
of  94 ;  and  if  we  take  equi-multiples  Axa,  ^4  X  of  the  quantities  a  and  5, 
and  other  equl-muItiples  jB  x  o,  B  x    of  the  same  quantities  aaifd  &,  tho  four 

quantities  .4  X  X  ^,  Bxa^  Bxb  will  be  proportional,  for  AXa  compared 
vf\th  ^  x6  is  of  the  same  m.lgnitude  as  a  compared  with  A,"and  J^Xa  com- 
pared with  Bxh  'is  also  of  the  same  magnitude  as  a  compared  w^ith  6. 

In  any  trianfrk  AOg  if  a  fine  Ee  6e  draum  fiiraUel  to  eiAer  of  lis  tideitiB 
<4Bg,  the  sidt  As;  will  Ix  to  AE,  as  Ag  to  ^^t' a^.Ol  Q| iSo  £e.    .     .-  .^  :j  , 

To  demonstrate  this,  upon  the  line 
AG  take  the  line  AB  so  tliat  a  certain 
multiple  of  it  raa3[  be  equal  to  AE, 
and  another  multiple  of  it  may  be 
equal  t6  AG;  this  may  be  always 
done  accurately  when  AE  and  AO 
are  commensurable ;  if  they  are  not 
accurately  eommensurable,  the 
quantity  AB  maj  be  taken  so  small 
that  cej-tain  multiples  of  it  may  differ 

from  Afci  and  AG  respectively  by  h     ^     d     ^  ^ 

quantities  less lhan  any  assignable.  On  the  line  AG,  take  BC,  CD,  Df:,  EF, 
TO,  be*  each  equal  to  AB,  and  through  these  points' draw  tiie  foes  Bb,  Cc, 
fcc.  parallel  to  Gg,  cutting  the  line  Ag  in  the  points  bfc,  d,  e,  &c.  draw  alsoi 
the  lines  BM,  CL,  DK,  &.c.  parallel  to  Ag,  cutting  the  former  parallels  in  the 
points  N,  O,  and  the  line  Gg  in  the  points  M,  L,  K,  &.e.    Then  the 

trhmgles  ABb,  BCN,  CDO»  l(c*are  sittte  imd  equal  to  each  other :  for  the 
.IbcsBb,  CN  are  paralld,  tiieitefore  the  angle  ABbsBCN  f6y  orf.  9t  J  and 
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by  tlie  same  article  the  angle  BAb  is  equal  to  CBN  (because  BN  is 
to'Ab)  and  by  coRBCrafdM  ABmBC«  IbeKfore  (by  arU  dB-}  lh»  tmnglM 

ABb  and  BCN  are^^qual  to  each  other;  and  in  the  same  manner  we  may 
prove  that  the  others  CDO,  DEP,  EFQ,  Uc.  are  equal  to  ABh.  Therefore 
Ab^BN=CO=DP,  &c.  and  BbsCN=:DO=s£P,  &c  but  (b^  art.  49) 
BNsBc,  CO=cd,  DPsrde ;  therefore  Absbeasodaadft,  kc  and  since  (bjf 
tiiMtrMffHw^'AB=BC=CD,  fee.  any  line  AE  is  the  mm  multiple  of  AB  aft 
the  corresponding  line  Ae  is  of  Ab;  and  AG  is  the  sr\i  multiple  of  AB  as 
Ag  is  of  Ah;  therefore  the  lines  AG,  AE,  Ag,  Ae,  are  i  r  ;>  rti  *  I  (by  art. 
5ilJ  that  is,  AG  is  to  A£  as  Ag  is  to  Ae;  and  in  a  simiiar  uiaimer  we  may 
'  pfore  0|at  AO  It  Id  AE  M     is  to  Ea^ 

Lnr. 

If  any  tito  triangles,  ABC,  altc,  are  similar,  m  hart  nil  thr  rr/jn-^s  of  the  one, 
tqual  to  all  tht  angles  of  the  other ^  each  to  tach  rtspictii\ly,  that  is,  CAB  — cab, 
ACBssuieb,  ABCssabc ;  the l€gtopposiU  to  the  e^puU angles  will  be proportioii- 
^nbuABtabitACiae;  AmmftBO'Mi  mniACiOCiiBCibc 

To  prove  this,  set  off  upon  a 
side  AB  of  tlie  larg;est  triangle  ; 
AE=ab,  and  through  E  draw 
ED  parallel  to  BC,  to  meet  AC 
in  D,  then  since  DE,  BC  are 
parallel,  the  angle  AED  is  equal 
to  ABC  (by  art.  31 )  and  tliis  (by 
9iq^poaitionJ  i^  equal  to  the  angle 

abe$  alio Hm  afl«le  DAE  Ib A 

SMppotUwn)  equal  to  cab ;  there-  £  "R 

fore  in  the  triangUa  ADE,  abc,  the  two  angli  s  DAE,  AED  of  the  one,  are 
equal  to  the  two  angles  cab,  ^bc  of  the  other,  each  to  each  respectively,  and 
lha  ineMod  ride  AJB  's  contiruction)  equal  to  the  included  side  ab; 
therefore  (by  art.  89fXD  is  equal  to  ac,  and  DE  equal  to  lib :  but  rinee  in 
the  triangle  ABC  there  is  draw  n  DE  parallel  to  BC  one  of  its  sides,  to  meet 
the  other  two  sides  in  the  points  DE  ;  therefore  (by  the  preceding  art.) 
AB:  AE  :  :  AC  :  AD.andAB:  AE  ::  BC  :  DE,  and  AC  :  AD  ::  BC  :D£: 
ifin  fliaia  thiee  proportions  fir  DE  wftpul  itiaqaal  be,  Ibr  AE  put  ab^mri 
Ibr  AD  put  ac ;  they  will  he«oi|i0  AB ;  ab : :  AC  :  ae«  and  AB  :  ab  : :  BC  : 
*  bcy  and  AC  :  ae : ;  BC  :  be. 

:     ^     •  LV. 
The  eKbrdf  tme,  tangent^  Sfc.  of  any  arch  in  one  circle,  is  to  the  chord,  sine^ 
iangenl,  tfc.  of  He  aonw  arch  in  AnoAer,  cB  ike  radmu  o/  ifte  one  it  to  ffte  n» 
ite  cgf  fih£  alien 

.  het  AbD,  abd,  be  two  dr- 
alsa;  BD,  bd*  tmo  arches  of 

these  circles,  e^ual  to  one 
another,  or  consisting  of  the 
same  number  of  degrees  }— 
FDr  M»  ^  tancenta;  Bd, 
.bd,  tbe  cbords;  BE,  be,  the 
sines,  fee-  of  these  two  arch- 
es BD.  bd,  and  CD,  cd,  thq 
radii  of  the  cfarcles ;  then  CD  : 
<  (I  .  :  FO  :  ltt,andCD  :  cd  :  :' 
BD  :  bd,  ahd  CD  :  rd  :  :  BE  : 
be,  Sic.  For  since  the  arches 
BDf  bdt  are  equal,  the  angles 
BCDf  ate  also  equa^  and 
FD,  fd,  bebg  tangents  Co  the 
points  D  and  d,  the  angles 
CDF,  cdf  are  eadi  equal  to 
«  rSgbt  angle  (by  art.  ^'',J 
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therefore  since  in  the  twe  triiiiigles  CDF,  cdf,  the  two  angles  F€D,  CDF  of 
the  one,  are  equal  to  the  two  angles  fed,  edf,  of  the  other,  each  to  eaeh,  th«i* 

remaining  angle  CFD  is  also  equal  to  tho  remaining  anf:;W»  rfd,  (hy  art.  sr.  \  ) 
consequently  tlie  triangles  CFl),  cfd,  are  similar.  The  triangles  BCD.  Im  d 
are  also  similar,  for  the  angle  CBD  is  equal  to  the  angle  CDB,  being  each 
subtended  by  the  radkn ;  tiierefore  (hy  art.  9%)  each  of  these  angles  is  equal 
to  half  the  suppl^nent  of  tJie  angle  "BCD  ;  and  in  the  tame  manner  the  an- 
gle ehd  or  cdh  is  equal  to  lialf  the  supplement  of  the  angle  bed,  and  sinew 
the  angle  BCD  \»  equal  to  bed,  the  angles  of  these  two  triangles  must  be 
equal,  consequently  they  are  similar.  The  triangles  BCE,  bee  are  also  simi; 
lar,  because  BE  is  parallel  to.FD,  and  be  paraHel  to  fd.  Hence  we  obtain 
(hi  art*  64)  the  following  analogies.  CD  ^  cd : :  FD :  fd ;  CD  :  cd : :  BD :  bd ; 
CB  t  cb : :  BE  :  be,  he. 

LVI. 

Iiet  ABD  be  a  quadrant  of  a  circle,  descnbed  by  the  ra- 
dius CD,  BD  any  arch  of  it,  BA  its  complement,  BG  or  CF 

the  sine,  CG  or  BF  the  eo-sine,  DE  the  tangent,  AH  the  « 
co-tangent,  CK  tfie  secant,  and  CH  the  co-secant  of  that 
arch  BD.    Thei»  aincc  the  triangles  CDE,  CGB,  are  slmi-jg^ 
lar  or  equi-angular  we  shall  have  (by  art,  54^  DE  i  CE  : : 
BGs  Cd,  that  is,  tlie  tangent  of  an  arch,  is  to  see^nt  of  the 
same,  as  the  sine  of  it  h  to  radium.    Aho,  CE  :  CD  :  :  CB  : 
CG  ;  that  is,  the  secant  is  to  radius  as  tiic  radius  to  the  co 
ehie  o^an  arch.   Also,  CF  :  GA  : :  €B  :  CH,  tliat  f s,  the  C  .    0^  H 
sine  is  to  r<idius  as  radius  to  tlu'  «  (>-secant  of  an  arch;  and  since  the  trianglo 
CAH  is  similar  to  th.-  trl:.n-!e  CDE.  w.'  havr  AH  :  CA  :  :  CD:  DE,  that  ia, 
the  co-tangent  i^  to  the  radius  as  the  radius  to  the  tangent  of  an  arch. 

'lvii.     ..  • 

In  00  cMer,  the  the  of  90^,  tile  iangenicf  4SO,  M  the  thord  e/  90P,  ore 
eaek        to  tht  radius.  '  ' 

For  in  the  circle  DFAEB,  let  the  arch  BE  be  P     a  O- 

450,  the  arch  BA  GO^,  and  BF  900.  Draw  through  — ^ 

the  centre  C  the  diameter  DCB  and  perpendicu- 
lar thereto  tlie  tangent  BG  meeting  CE  juoduced 
in  G;  draw  tlwi  chord  BA,  and  join  CF.  CA. — 
Then  since  the  arch  BF  is  90°,  DF  must  be  5J()-.  . 
whence  (by  art.  12  &c  19J  tlie  radius  CF  is  equal  ^'l 
to  the  sine  of  the  arch  Bf«  or  sine  of  90^.  Again, 
in  the  triangle  CBG,  tloce the  eng^e  CB6  is  f  o^, 
and  BCG  is  Vo^  by  supposition,  the  angle  CGB 
is  also  45°  (by  art.  36 ;  therefore  (6 »y  art.  ;iu;  BG  is 
equal  to  CB,  that  b,  the  tangent  of  45°  is  equal  to  the  radius.    Again,  the 
angle  ACB  is  60^  (being  measured  by^  the  arch  BA)  and  the  tmpe  CB.A* 
is  also  60°  (being  nira-^ured  by  half  the 'arch  AD=l20°  by  art.  40)  therefore 
(by  art.  59 ;  CA  =  AB,  tliat  is,  the  chord  of  60°    equal  to  the  radius. 

The  four  following  propositions  contain  the  demonstration  of  tiic  rules  by 
which  all  the  calculations  of  trigonometry  may  be  made ;  they  were  inaerted 
here  in  order  to  prevent  ailf.  embarras8ment,of  the  foung  calculator,  fVom 
the  mtroduction  of  the  demonstrations  among  the  precepts  G>t  caiculatiori. 

Lvni. 

In  any  plane  triangle,  tht  sides  are  proportion^  to  the  situs  of  the  oppositfi 

Let  ABC  be  the  triangle;  produce  the 
lesser  side  AB  to  F,  making  AF  equal  to 
BC;  from  B  and  F  let  fall  the  perpendicu- 
'  lifi  BD,  FE,  upon  AC  (produced  if  ne- 
ceaeary ;)  then  FE  is  the  sine  of  the  angle 
A,  and  BD  is  the  sine  of  the  angle  C,  the 


Digitized  by  Google 


GEOMETRY. 


1.^ 


tHtiius  being  BC  equal  to 
AF;  now  the  triangles  ABD, 
AFE,  having  the  angle  A 
common  to  both,  and  the' 
angle  D  equal  to  the  angle  E 
(being  each  equal  to  a  right 
angle)  are  similar;  hence  (f»if 
art.  b  i)  a«  AF  (or  its  equal 
BC)  is  to  AB,  so  is  FE  to 
BD ;  that  is,  BC  is  to  AB  as 
the  sine  of  the  angle  A  is  to 
the  sine  of  the  angle  C. 


i 

— J 


LIX. 


Tn  any  triangle  (sitpvosing  any  side  to  be  the  base,  and  callinff  the  other  ttco 

the  sides)  the  sum  of  the  siites  is  to  their  difference,  as  the  tane;ent  of  half  the 

sum  of  the  angles  at  the  base  is  to  the  tangent  of  half  the  difference  of  the  tame 

angles.      •  '  .. 

^   » 

Thus,  m  the  triangle  ABC,  if  we  call  AB 
the  hase,  it  yviW  be  as  the  sum  of  AC  an<l 
CB  in  to  their  difference,  so  is  the  tangent 
of  half  the  sura  of  the  angles  ABC,  BAC,  to 
the  tangent  of  half  thejr  difference. 

Dem.    With  the  longest  leg  CB  as  radius, 
de8c^i^^e  a  circle  about  the  centre  C,  meeting 
the  shorter  side  AC  (produced  «>n  each 
side)  in  the  points  D  and  E,  join  EB,  DB; 
draw  AH  'perpendicular  to  DB,  an<l  W 
perpendicular  to  EB;  then  (by  art.  li)  the 
angle  EBD,  being  in  a  semi-circle,  is  a  right 
angle;  and  the  triangles  AHD,  AFE,  are 
similar,  and  AF  is  equal  to  UB.  Moreover, 
since  CB  is  equal  to  CD  or  CE,  AD  is  the  sum  and  AE  is  the  diflerence  of 
the  legs  AC,  CB ;  likewise  (by  art.  33)  the  angle  BCD  is  equal  to  the  sum  of 
the  angh  s  BAC,  ABC  and  therefore  (by  art.  40)  the  angle  DEB,  or  it| 
equal  DAH,  is  equal  to  half  the  sum  of  the  angles  at  the  base  ABC,  BAC. 
Again  (by  art.  33)  the  angle  BAC  is  equal  to  the  sum  of  the  angles  CEB  (or 
CBE)  and  ABE,  and  therefore  is  equal  to  the  sum  of  the  angle  ABC,  and 
twice  the  angle  ABE  ;  hence  the  angle  ABE  or  its  equal  BAH,  is  e(jual  to 
half  the  difference  of  the  angles  at  the  base.    But  in  the  right  angled  triangles 
AHD,  AHB,  making  AH  radius,  the  logs  DH,  HB  are  the  tangents  of  the 
9ngles  DAH,  BAH,  or  the  tangents  of  half  the  sum  and  half  the  difference  of 
the  angles  at  the  base ;  but  by  reason  of  the  similar  triangles  AHD,  AFE,.wc 
have  AD  :  AE  :  :  DH  :  AF  or  HB  ;  that  is,  AD,  the  sum  of  the  legs  AC  and 
CB,  is  to  AE  their  difference,  as  DH  the  tangent  of  half  the  sum  of  the  angles 
at  the  base  (the  radius  being  AH)  is  to  UB  tl^e  tangent  of  half  the  difference 
of  the  same  angles,  (to  tlie  same  radius,)  and  therefore  (by  art.  bb)  as  the 
tabular  tangent  of  half  the  sum  of  the  angles  at  the  liase  is  to  the  tabular  tan- 
gent of  half  the  difference  of  the  same  angles. 


io  GEOMETRY. 

In  any  plane  triangle  ABC,  if  the  line  CD  be  drawt)  perpendicular  to  thb 
base  4B,  dividing  it  into  two  segments,  AD,  DB,  and  the  base  AB  be  bisect- 
ed in  the  point  H,  we  shall  have, 

As  the  base  AB  is  to  tfie  sum  of  the  sides,  AC,  BC,  so  is  the  difference  of  the 
sides  to  twice  the  distance  DH  of  the  perpendicular  from  the  middlt  of  the  base. 

Dem.  With  the  greater  side  CB  as  radius,  describe  about  the  centre  C  the? 
circle  BFGE,  meeting  the  other  side  produced  in  the  poiHts  Fl  and  F,  and 
the  base  AB  produced  in  G  ;  join  GF  and  BE.  Then  AE  is  the.  sum,  and 
AF  the  difference  of  the  sides  AC,  CB ;  and  since  CD  is  perpendicular  to 
GB,  the  line  GB  is  bisected  in  D  {by  art.  43)  and  as  AB  is  bisected  in  H,  the 
Hue  AG  is  equal  to  twice  DH.  Now  in  the  triangles  BAE,  GAF,  the  angles 
ABE,  GFA  are  equal  {by  art.  41)  and  the  angle  BAE  is  equal  to  GAF  {hyart. 
28)  therefore  the  remaining  angles  AEB,  AGF,  are  equal,  and  the  triangles 
BAE,  GAF,  are  similar;  consequently  {by  art.  54)  AB :  AE  : :  AF  :  AG,  or 
twice  HD,  which  is  the  proposition  to  be  demonstrated.  Having  thus  ob- 
tained HD,  we  may  find  the  segments  AD,  DB,  by  adding  HD  to  tbe  half 
base  HA  or  HB  and  by  taking  tlieir  difference. 

LXI. 

In  any  plane  triangle,  the  square 
of  radius  is  to  the  square  of  the 
co-sine  of  half  of  either  of  the  an- 
gles, as  the  rectaniE^le  contained  by 

the  tiDO  sides  including  that  nna-I^  ^        ^   =^ 

is  to  the  rectangle  contained  by  the  X.  C        Tx  " 

fialf  sum  of  the  sides,  and  that  half  sum  decreased  by  the  side  opposite  to  that 
tuigk. 

Thus  in  the  triangle  CBE,  the  square  of  radius  is  to  the  squart  of  the  co-sine 

CB-fCE-fBE    CB-fCE— BE 

of  half  the  angle  C,  as  the  rectangle  CBxCE  is  to  X  . 

3  2 

For  continue  EC  to  A,  making  CA=CB,  draw  BD  perpendicular  to  CE,  W- 
aect  CE  in  H,  and  join  JlB.    Then  (supposing  CB  to  be  greater  than  EB)  wo 

CBa— BE3 

have  (by  art  ^)  CE  :  CB-|-BE  ;  :  CB— BE  :  =8.HD ;  by  adding 

•  C^ 

CB«— BEa+CEa 

half  this  to  half  the  basc=CH,   we  have  tK«    segment  CD=  ' 

2.CE 

CB3— BEa-f-CEa-|-3CECB 

t9   this    adding    CA    or     CB,    we   hare    AD=   ^ 

2.CE  • 


CB+CEl»--BE«    CB-l-CE-l-BEXCB-l-CE— BE 

 Z  =   .\guin,  AD=AC+CD=CB-f  CD  j 

2.CE  «.CE 

hence   AD|a=CB3-l-3CB  CD-j-CDa  ;  abo,  BD«=CB«— CD»  ;    hence   AB»  = 

AD3-fBD>=-«CB«-f«CB.CD=aCBXCB-fCD=3CB  .  AD  ;  hence  AB»  :  AD«  : 

CB-fCEH-BE  .  CB-f-CE— BE 
«CB  :  AD=  '       ;  but  AB  being  radius,  AD  is  the  co-sine 

2.CE  . 

of  the  angle  A,  which  is  equal  to  half  the  angle  C  (by  art.  40  ;)  therefore  the  square 
of  radius  is  to  square  of  the  co-sinc  of  half  the  anrle  C,  as  the  rectangle  CE.CB  is 
CB-fCE-l-BE    CB-I-CE— BE 

to  the  rectangle  X  

2  2 

The  other  cases  of  this  proposition  may  be  denionstrated  in  the  same 
manner. 
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PROBLi^M  I. 

To  draw  a  Right  JJne  CD  jmmlM  to  a  i^vfn  Rif^ht  IdM  AB,  at  an$  gtlvn 

dutanect  as  at  tht  ^oint  D. 
With  a  pair  of  compaaws- take  the  nearest 

distaiiot;  between  the  point  D  and  the  pven        C  ^\  .  3> 
right  line  AB:  ^^if^^  that  dist.inre  «t  t  one  foot  of  \.  y 

the  compasses  any  where  on  the  litie  AB,  hk  at  A,   T   i'lT  ■ 

iiod  draw  the  arch  C  on  the  same  side  of  tlie  line  ~  B 
AB  aa  the  powfD,  from  the  pomt  0  draw  a  One 

sjo  as  just  to  touch  the  arch  C,  and  it  isdon^;  for  the  fine  CD  wDlhepatifiQ 
to  the  line  AB,  and  at  the  distanee  of  the  pomt  glrea     aa  mm  reqpiMk 


* 


FiiOBLEM  U. 


Hfcct  or  tftvide  «  giwen  Um  AB  iaio  fm 
efwd-parfi. 

Tak«  any  distance  in  your  compasses  greaJL*  A. 
fTthan  half  the  line  AB,  then  with  one  foot  in 

B,  describe  the^cb  CFD;  witJ^  tbe&amedia-. 
tance,  and  one  foot  m  A,  deAnrioe  die  arch  COD, 
cutting  the  former  arch  in  C  and  D ;  draw  the 
me  CD,  and  it  will  bisect  AB  in  the  point  £. 

1»KUBLEM  III. 

To  ertet  a  pcrjmidkidkt  BA  m  the  end  of  a  given 
Bight  Imt  DB. 

Take  any  extent  in  your  compasses,  and  with  one 
foot  in  B  fix  the  other  in  any  point  C  without  the 
•(pven  line;  then  wilii  one  point  of  tlie  c«)mpass€s  in 

C,  deacribc  with  the  other  the  circle  ABD ;  through 
D  andC  draw  the  diameter  DC  A  meeting  the  cir- 
cle in  A ;  join  B  and  A  atnl  it  is  done;  for  BAwiU- 
he  the  required  line  (6y  art,  4%  Gcont.) 

» 

Or  thus. 

Take  any  convenient  distance  as  Hlf  in  vnr 
compasses,  and  \\  ith  one  foot  in  B  dfscrihe  the  «rr!i 

•  HFG,  upon  whicii  ^et  off  the  same  distance  as  a 
chond  flrom  H  to  F,  and  from  F  to     upon  F  and 

•  describe  two  arches  intersecting  eacJi  other  in  A  : 
draw  a  line  from  B  to  A  and  it  isdone;  for  BA  will 
be  the  perpendicular  re({uired.  v 

PROBLEM  {v.     *  ^ 
Frtmx  a  given  point  at  C,  to  let  fall  a  ptrmndicula 
OO,  Oft  a  peen  Bight  Lint  AB* 
Teke  any  (  xtcnt  m  your  compasses  greaCer  than 
th«  least  distance  between  C  and  the  given  line  AB ; 
Urith  one  £^t  in  C,  describe  an  arch  to  cut  the  given 
Ihie  AB  hi  F  and  G;— WiHi  one  foot  in^G  describe 
an  arch,  and  with  the  same  distance,  and  one  foot 
in  F,  describe  nnother  arch  cutting  the  former  in  r>; 
from  G  to  D  draw  the  line  roi).  eutiiuc  ABin  0; 
IWen  CO  will  Ik,-  the  perpeudiculHr  levjuired. 
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GEOMETRICAL  FKOBLEMS. 


^7 


jProm  a  givtn^powt  C  to  let  foil  a  perpendkufar 

CB  on  a  given  Line  AB,  trhen  the  perj>endi- 

cular  is  to  foil  so  near  the  end  of  the  given  line 

that  it  ccmntH  be  done  as  abotx. 

Upon  any  point  A  of  the  line  AB  ai  a  centre, 
*and  with  the  distance  AC  descrihf  an  arrli  E; 
choose  any  other  point  in  the  line  AB,  as  D,  and 
w\th  the  mstailce  DC  describe  ^anjpther  arch  in- 
tenectinf  the  former  in  E,  joia  CE  cutting  AB 
in  B,  and  it  is  done,  for  CB  wll  be  the  peqpen- 
dieularraqatied. 

PROBLKM  VI. 
To  make  an  angle  that  shall  contain  any  prapoied 

number  of  dearrees^from  a  given  point  in  a  given  line.  H 

Cass  1.  Wnen  the  given  angle  is  rirht,  or  contains 
90°  let  C  A  be  the  given  line,  and  C  the  given  point 

On  C  erect  a  perpondirnlar  CD,  and  it  is  done;^ 
for  the  angle  DC  A  is  an  ancle  of  90°.    Or  thus,  on' 
the  point  C  as  a  .centxe,  with  the  chord  of  60^  de- 
scribe to  wch  GH,  and  set  off  thereon  from  G  to  H 
the  distance  of  the  chord  of  90^  and  from  C  thron^jh 
H  draw  CHD,  which  will  fom)  the  angle  DC  A  qf  C 
required. 

Casb  i.  Wben  the  angle  b  acute,  •■  for  exam- 
ple 360     let  CB  be  the  given  line  and  C  tile  point 

at  which  the  angle  is  to  be  made. 

With  the  chord  of  60*^  in  your  compasses,  and  one 

foot  on  C,  as  a  centre,  draw  the  arch  FB,  on  which 

aet  off  ttm  B  to  F,  the  given  angle  SBi^  taken  fh>m 

ttAline  of  chords;  through  F  and  the  centre  C 

draw  the  right  line  AC,  and  it  is  done;  for  the  angle  *         .  . 

ACB  will  be  an  angle  of  36^  30'  as  was  renuired. 
Casb  8.  When  the  given  angle  i»  obtuse,  as  for  exadqple  ItT^  tO'  let  CB . 

be  the  gjven  line  and  C  the  anguhur  point. 

Take  the  chord  of  60^  in  your  compasses,  and  with  one  foot  on  C  as  iioen* 

tre,  describe  an  arch  B6HE,  upon  which  set  off 

the  chord  of  60^  (which,  you  already  have  in 

voor  compasses)  fioom  B  to  G,  and  ttom  G  to  H ; 

Ufloaet  on  from  G  to  E,  the  excess  of  the  given  / 

angle  above  60<^,  which  is  67jO  taken  from  the  / 

line  of  chords«(  or  ^ou  may  set  off  from  U  tQ  E^ 
.the  excess  of  the  given  angle  a^ove  ISO^^  which . 

is  7|0 ;  draw  the  line  CE,  and  it  is  done,  for  the 

angle  ECB  will  hv  an  angle  of  127^  20'. 

Were  it  required  to  measure  a  given  .ang;l«%  tin-,  [irorrss  w*>uld  havo  In-m 
jiearlv  the  same,  by  sweeping  an  arch  as  BE^  ujid  measuring  it  on  the  line  o£ 
dMnds,  as  is  evident* 

PROBLEM  VII. 
^0  bisect  a  given  arch  of  a  circlf  AB,  whose  cenire  is 

Take  in  your  compasses  any  extent  greater 
than  the  half  of  AB,  and  with  one  foot  in  A,  de- 
scribe an  arch ;  vitii  the  same  extent  and  one 
foot  in  B,  describe  anotlier  arch  cutting  the  for- 
mer in  D ;  join  CD  and  it  is  done,  for  this  line 
will  bisect  the  arch  AB  in  the  poiutE.  It  is 
also  evident  tbat  dm  Une  CO  Useete  the  angle  C 
teA,  or  divides  it  hitntwojiqpial  parts. 

*  for«d«cri|ieoBo(  ibeUMof  OlHiSsMe|»ffc»r 
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PROBLEM  VIII. 

To  jind  the  centre  of  a  given  Circle. 
AVitli  any  radius,  and  one  foot  in  the  cir- 
riimference  as  at  A,  describe  an  arch  of  a  cir- 
<  le,  as  CBD,  cutting  the  given  circle  in  B ;  with 
the  same  extent,  and  one  foot  in  B,  descriJ>e 
another  arch  CAD,  cutting  the  former  in  C  and 
D;  through  C  and  D  draw  the  line  CD,  which 
will  pass  through  the  centre  of  the  circle  ;  in 
like  mannec  may  another  right  line  be  drawn, 
;is  EFG,  which  shall  cross  the  first  right  line 
at  the  cpntre  required.  This  construction  de- 
pends upon  article  43  of  Geometry. 

PROBLEM  IX. 
To  drctw  a  CircU  through  any  three  given  points  not  situated  in  a 

Let*A,  B  and  D  be  tiie  given  points.  Take  in 
your  compasses  any  distance  greater  than  half 
AB,  and  with  one  foot  in  A  describe  an  arch 
EF ;  with  the  same  extent,  and  one  foot  in  B, 
describe  another  arch  cutting  the  former  in  the 
points  E,  F,  through  which  draw  the  indefinite 
right  line  EFC;  then  take  in  your  compasses 
any  extent  greater  than  l»alf  BD,  and  with  one 
foot  in  B,  describe  an  arch  GH  ;  witli  the  same 
extent,  and  one  foot  in  D,  describe  anotlier 
arch  cutting  the  former  in  the  points  G,  H, 
through  which  draw  the  right  line  GHC,  cut- 
ting the  former  right  line  EFC,  in  the  point  C  ; 
upon  the  point  C  as  a  centre,  with  an  extent 
equal  to  CA,  CB,  or  CD,  as  radius,  describe 
the  sought  circle. 

PROBLEM  X. 
To.  divide  a  CircU  into  »,  4,  8,  16,  or  82, 
equal  parts. 

Draw  a  diameter  through  the  centre,  di- 
viding the  circle  into  two  enual  parts;  bisect  ^\ 
this  diameter  by  another  drawn  perpend!-  * 
cular  thereto,  and  the  circle  will  be  divided^ 
into  four  equal  parts  or  quadrants ;  bisect  >','^ 
«*,ach  of  these  quadrants  again  by  right  lines 
drawn  tlirough  the  centre,  and  the  circle 
will  be  divided  into  eight  eoual  parts;  and  / ' 
so  you  may  continue  the  bisections  any 
number  of  times.    This  problem  Is  useful 
in  constructing  the  mariner's  compass. 

PROBLEM  XI. 
To  divide  a  given  Line  into  any  number  of  equal  parts. 
Let  it  be  required  to  divide  the  line  AB 
into  five  equal  parts. — From  the  point  A 
draw  any  line  AD«  making  an  angle  with  the  j 
line  AB ;  then  through  the  point  B  draw  a 
line  BC  parallel  to  AD ;  and  from  A,  with' 
any  small  opening  in  your  compasses,  set  off' 
a  number  of  equal  parts  on  the  line  AD,  If^s 
by  one  than  the  proposed  numlier  (which  C^ 
number  of  equal  parts  in  tliis  example  is  4 :)  4- 
then  from  B  set  off  the  same  number  of  the 

same  parts  on  the  line  BC,  then  join  4  and  1,  3  and  3,  2  and  3,  1  and  4,  vnd 
these  lines  will  cut  the  given  line  as  required. 


,  Google 
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COASTRUCTION  OF  THE  1»LAAE  SCALE. 

1st.  WITH  tho  radius  you  intend  for  your  scale,  doHrriho  a  semicircle 
ADB,  (Platf  H,  n<r.  1.)  anfd  from  the  centre  C  dr:tT»  TO  lu  rpiMidicuIar 
toAB,  which  will  flivule  tlie  semicircle  into  two  quadrants,  AD,  Bf);  cou- 
timie  CD  towards  S,  draw  BT  perpendicular  to  CB,  and  join  BD  ;iii€l  AD.  .  * 

Sdly.  Divide  the  quadrant  BD  into  0  equal  parts,  then  will  each  or  these  be 
lOdefjrees;  subdivide  each  of  tht  sc  pnrts  into  sin^rlc  df'jrncs. tuhI  if"  your 
radius  will  admit  of  it,  into  minutes  or  some  aliquot  ports  of  a  degret:  greater 
than  minutes.  *  • 

Sdly.  *Set  one  foot  of  the  comiwsses  in  B  and  transfer  eacb  of  the  diTisioDS 
f»'f  the  quadrant  BD  to  the  right  line  BD,  then  will  BD  be  a  line  of  chords. 

4thly.  From  the  pf»iiit<  10,  JO,  SO,  Uv.  m  the  <iuarlr:ir(t  BD  draw  rijiht  lin« 
parallel  to  CD,  to  cut  the  raduis  CB,  and  they  will  divide  lliaL  line  intl»  a  line 
lit  sines  which  must  be  numbered-  from  C  towards  B.       .  *  • 

Mhly.  If  the  tame  line  of  sines  be  numbered  from  B  towards  C,  it  will  Vfe« 
f.orae  a  line  of  vened  sines,  which  may  be  continued  to  IBO"',  if  the  same 
divisions  be  transferred  on  the  same  lin**  on  the  other  wide  of  the  rentie  C. 

6thJy.  From  the  centre  C,  through  the  several  divisions  of  the  quadrui^t 
VOf  draw  right  lines  tifl  they  cut  the  tangent  BT,  so  will  the  line  BT  become 
a  Tme  of  tangcnt4^  * 

Vtbly.  Setting;  one  fo<»t  of  the  compasses  in  C,  extend  tl»e  other  to  the  se- 
y^val  divisions  10,  20,  HO,  kc.  in  the  tangent  line  BT,  and  transfer  tlicsc  ex- 
tents severally  to  the  right  line.  CSf  then  will  that  Ifaie  be  a  Une  of  secants. 

Mfaly.  Bight  lines  drawn  from  A  to  the  several  divisions  10,  20,  SO,  bc.in 
the  quadrant  BD,  will  divide  the  radius  CD  into  a  line  of  semi-tanp;ents. 

9thly.  Divide  the  quadrant  AD  into  eight  i  qual  parts,  and  from  A  as  a  cen- 
tre transfer  these  divisions  severally  into  liie  line  AD,  Uien  will  AD  be  a  line 
ef  Rhumbs,  each  division  answering  to  il<^*l5''upon  the  line  of  ebotds.  The 
rim  of  this  line  is  for  protracting  and  measuring  angles,  according  to  tlie  com- 
jnon  division  of  the  mariner's  compass.  If  the  radius  AC  be  divided  int<»  100 
or  1000,  &,c.  equal  parts,  and  the  lengths  of  the  several  sines,  tangents,  and 
^cants, 'correspondmg  to  the  i several  arches  of  the  quadrant,  be  measuieil 
theiabj,  and  these  numbcirs  be  set  down  in  a  table,*  each  in  its  proper  oo» 
JIumn,  you  will  hy  these  means  l»ave  a  collection  of  numbers  Ity  which  the 
several  cases  in  trigonometry  may  be  solve<l.  Riiiht  lines  graduated  as  above, 
being  placed  severally, upon  a  ruler,  form  tjie  iubtrumeut  called  tlie  Flam*. 
Scale,  (see  Plate  11.  2.)  by  which  the  lines  and  angl^of  all  triangles  may 
be  Bnesured.  All  right  lines,  as  the  sides  of  plain  triangles,  tec  when  they  are 
conndercd  simply  as  such  without  having  any  relation  to  a  circh',  nre  jnea- 
aured  by  scales  of  equal  parts,  one  of  which  is  sulxlivided  equally  into  H),  and 
this  serves  as  a  commoji  division  to  all  tlie  rest.  In  most  scales  an  inch  is  ta- 
Jtto'for  a  common  measure,  and  what  an  inch  is  divided  into  is  generally  set 
at  the  end  of  the  scale.  Bv  any  common  scale  of  equaf  parts,  divided  in  this 
manner,  any  number  legs  than  100  may  be  readily  taken  :  hut  if  the  number 
should  consist  of  three  places  of  figures,  the  value  of  tiie  tiiird  ii^ure  cannot 
be  exactly  ascertained,  and  in  this  case  it  {■  better  to  use  a  diagonal  scale,  by 
^  "which  any  number  consisting  of  three  places  of  figures,  may  be  exactly  found. 
The  figure  of  this  sc^de  is  given  in  Plate  1 1 .  fig.  H  :  its  construction  is  as  follows. 

Having  prepar«Hl  a  ruler  of  convenient  breadth  for  your  scale,  draw  near 
the  ed^es  thereof  two  right  lines,  a/,  eg-,  parallel  to  each  other ;  divide  one  of 
tiiese  fanes  as  af,  into  equal  parts,  according  to  the  siae  of  yoor  scale  ;f  and 

*  In  table  XXIV.  b  given  the  sine  anil  co-«iaetoe^-er}'  iiiiuutc  of  the  quaitr.mt,  to  five  place>  ui  <ic- 

i  TliBtaKlk  of  OM  of  UmmcomI  porta    die  end  of  tlwvrftleip  which  UiUd^^  If 
mdL  m|n«ttor«at«rth»cqMrFvttar 
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CONSTRUCTION  OF  THE  PLANE  SCALE.  2; 

• 

through  each  of  thew;  dfvisions  draw  right  lines  perpendicular  to  af,  to  meet 
rg,  then  divide  the  breadth  into  10  I'i^nnl  parlf*.  and  throuph  earli  <it  the«»' 
.divinions  drawright  iinea  parallel  to  of  aud  cg^;  divide  the  lines  ub^  cd^  iutu 
10  equal  purtj.'awl  from  tnn  point  o  t» flrst dnrisioii in  tho  line  etf.  draw  % 
<liagonal  line;  then  parallel  to  that  line,  draw  diagonal  lines  throu|;h  all  die 
oth«  r  divisions,  and  the  scale  is  coinpN  l*-.  Then,  if  any  nnniher.  r«>nsiHtin|5 
of  tiiree  places  of  fi'^urrn,  as  ir>(i,  hr  rt  (|iiir«"d  from  the  larger  scale  f^d,  you 
must  place  one  foot  ol  liic  comuusseh  on  tiie  figured  on  tJie  line'^i/,  tlien  lius 
extent  fnm  f  to  the  point  d  wul  ranreient  too. .  The  second  fl^re  bring  ^ 
count  five  of  the  sninller  divisions  from  d  towards  and  the  extent  from 
to  that  point  will  he  ijO.  Move  both  points  of  the  compasses  downwards 
till  they  afte  on  the  sixth  parallel  line  below  i^d,  and  open  them  a  little  till  the 
one  point  rests  on  the  vertical  linq  drawn  through  and  ttie  etiier  mi  tiw 
diagonal  line  drawn  through  5 ;  the  extent  then- fan  the  eDomasses  wiH  repre- 
sent 2r>6.  In  the  sanie  way  the  quantities  25,6 ;  2,56 ;  0,256,  Uc.  are  niea'^nn  d. 

Besides  the  lines  already  mentioned,  there  is  another  on  the  IMaru*  Scale 
marked  ML,  which  is  joined  to  aline  of  chords,  and  shows  how  maiivinile^ 
of  eaitii^  or  westing  correspond  to  a  degree  of  longitude  in  every  laotude.* 
^These  several  lines  are  genecaUy  put  on  one  side  of  a  ruler,  two  feet  long ; 
and  on  Ilu-  otiu  r  ndi-  is  lnul  down  a  sc^le  of  th«"  lo';;arithms  of  the  sines,  tan- 
gents, and  numl»ers,  w  hich  is -coimuonly  called  Guater's  Scale,  and  as  it  is  of 
general  use,  it  requires  a  particular  description. 


GUNTER'S  SCALE. 

<Mr  OUNTER  S  SCALE  are  eight  Unes,  viic. 

Isf.  Sine  Rhunihs,  marked  (SR)  corresponding  to  the  logarithmsf  of  titiB 
natural  sines  of  every  point  f»f  the  inarincr's  compass,  nuniberetl  from  the  left 
band  towards  tlie  right,  )%itii  1,  i,  4,  0,  U,  7,  Ut  8,  where  i^  u  brass  pin. 
TUs  Ikie  is  also  dividra,  where  it  can  be  done,  into  halves  and  quarters. 

Sd.  Tangent  rhumbs,  marked  (TR)  contepdnd  to  the  logarithms  of  the 
tangcnfs  (if  every  pf»int  of  tfn-  compass,  and  are  nnmbrred  1,  'C.  S,  fo  \,  at  th»» 
right  hand  where  there  is  a  pin,  and  thenc*'  towards  the  left  hand  with  5,  6, 
7 ;  it  is  also  divided,  where  it  can  be  done,  into  halves  and  quarters. 
.  Sd.  The  line  of  numbers*  marked  (Nam. )  corresponds  to  the  logarithma  of 
rninihf  rs,  and  is  marked  thus  ;  near  the  left  hand  it  begins  at  1,  and  towards 
the  ri^ht  liand  are  3,  4,  5,  6,  7,  13,  '.» ;  and  1  in  the  middU',  at  which  is  a 
brass  pin,  then  3,  4,  5,  6,  7,  8,  9,  und  10  at  the  end,  w  here  there  b  another 
pyi.  The  vaSnes  of  ^lese  number*  and  their  intermediate  divisions  depend 
on  the  estimated  values  of  the  extreme  numbers  l  and  10;  and  as  \\w  line 
is  of  p;reat  importance,  a  particular  description  of  it  will  be  given.  The  first 
I  may  be  counted  for  1.  10,  100.  <ir  1000,  &,(■•  and  then  the  next  will  he  I, 
20, 200,  or  2000,  hue.  respectively.  Again,  the^lirsl  I  may  U'  reckoned  1  lejitij, 
1  hundredth*  or  I  thousandth  pattt  S(c.  then  the  litest  will  be  t  tenths,  or  t 
hundredths,  or  2  thou,sandths  parts,  &.c.  so  that  if  tin-  first  1  be  esteemed  1, 
the  middle  1  will  be  lO  :  j  to  its  right  -20;  S,  .SO  ;  4.  40  ;  and  10  at  the  end 
100;  again,  if  the  first  1  is  10,  tiie  next  C  is  d  is  dO,  aiid  so  on,  making  the 
middle  l,  too,  the  next  S  is  £00,  3  is  300,  4  is  400,  and  10  at  the  end  is  lOOi^ 
tn  like  manner,  if  the  ftrst  1  be  esteemed  1  tenth  part,  the  ne^rt  t  will  b6  « 

As  it  would  confuse  tbc  atyoioed  figure  to  describe  on  it  the  line  of  lot^tudes, 
it  is  nej^tcd,  but  the  conitnidioa  ii  as  foBows :  divide  the  line  CB  faito  €0  eqvsl 

pnrts  (if  it  can  be  done)  and  tttrough  eseli  point  draw  lines  parallel  to  CD  to  inter- 
sect tbe  arch  Bl) :  nhout  B,'aa  a  centrr,  frnii«iri  r  tlic  wvrml  point*  of  inlerscrtiou  to 
tlte'Kne  BD,  and  then  number  it  from  D,  towards  B,  from  0  to  bO,  and  it  will  l>e  Xhxi 
line  of  ion^tudes. 

t  The  description  and  iiw  of  lo2:nrithms  arc  ^ivrn  in  pri2r<'  rt  ncq.  The  lo(p» 
sines,  tangents,  are  marked  on  these  scales  by  ineau»  of  a  line  equal  iprts) 
meipoqSng  te  Miastoa  «r  Ae  seafe*.  * 
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t<'nth  parts,  and  the  middlr  l  will  be  1  ;  the  next  2,  2  ;  and  10  at  the  end  wUI 
be  10.  Again,  if  the  (irst  1  l^e  counted  1  hundredth  part,  the  next  2  hundredth 
liarts,  the  middle  1  will  be  10  hundredth  parts,  or  one  tenth  p»t,  and  the  next 
S  twotmith  parts,  and    at  tiie  end  will  be  hut  one  wh^  qumber  or  iwityr. 

As  the  figures  are  increased  or  diminished  in  their  value,  so  in  like  manner 
must  all  the  intermediate  strokes  or  subdivisions  be  increased  or  diminished : 
tliat  is,  if  the  first  1  at  the  left  hand  be  counted  1,  then  2  (next  following  it)  will 
be  t,  and  «ieh  tnibdiiMiii  bitwMn  thMn  iftt  be  I  tnitn  part,  and  «o  all  the 
way  to  the  middle  1,  which  be  10,  the  next  'S,  20,  and  the  longer  stroke! 
between  1  and  2  are  to  be  counted  from  1  thus,  11,  12,  (where  is  a  brass 
pin)  then  15,  14.  15,  sometimes  a  longer  stroke  than  the  rest,  then  16,  17, 
18,  19,  20,  at  the  figure  2;  and  in  the  same  maauer  the  short  Itrokes  be- 
tween the  flg^nrast  and  8^  S and  4»  4  and  Imi.  are  to  be  reckoned  as  units; 
Again,  if  1  at  tiie  left  hand  be  10,  ^e  figures  between  it  and  the  middle  1 
will  be  common  tens  ;  and  the  subdivisions  between  each  figure  will  be  units ; 
from  the  middle  1  to  10  at  the  end,  each  figure  will  be  so  many  hundreds ;  • 
and  between  these  figures  each  longer  division  ivfU  be  16*  FWn  fMi  de- 
scription H  win, be  easy  to  htd  the  divisiona  representing  any  given  number, 
thus:  Suppose  tiie  point  representinf^  the  number  12,  were  required;  take 
the  division  at  the  figure  1  in  the  middle,  for  the  first  figure  of  It  ;  then  for 
the  second  figure  count  two  tenths,  or  longer 'strokes  to  the  right  hand,  and 
this  will  be  the  point  representing  12,  where  the  brass  pin  Is. 

Again,  suppose  the  number  fft  wert;  required ;  Uie  first  figure  2  is  to  be 
found  on  thi-  scale,  and  for  the  seeoiid  figure  count  2  tenths  onwards,  and 
that  is  the  point  representing  22.  •     ^     .  ^ 

Again,  suppose  1728  were  required ;  for  the  first  figure  .  1, 1  take  the  mid- 
dle 1,  for  the  second  figure  7,  coont  onWard*  as  before,  and  that  will  be  1700. 
And  as  the  remaining  figures  are  £8  or  nearly  90, 1  note  the  point  which  is 
nearly  of  the  distaftoe*  between  the  marks  7and8,  andthiswillbethe 
point  representing  1728.  .  •  .         »    t.    *  a 

if  the  point  representing  435  was  required ;  from  the  4  in  the  seeone  m- 
temd  count  towards  9  on  Ifae  /-ight,  thiee  of  the  larger  divisions  and  one  of 
the  smaller  (this  smitUer  division  being  midway  between  the  marks  S  and  4) 
and  that  ivill  he  the  division  expressing  49d.  In  a  similar  manner  other 
junnhers  m.iy  be  found.  •  'I*       '    ' ' 

All  fractions  found  in  this  line  must  be  decunals;  and  if  they  are  not,  they 
-  must  be  reduced  into  decimals,  which  is  easily  done.by  extending  the  com- 
passes from,  the  denominator  to  the  numerator;  that  extent  laid  the  same 
way,  from  1  in  the  niiddU'  or  rijrht  hand,  will  reach  to  the  decimal  required. 

KxAMPLK.  Required  the  decimal  fraction  equal  to  i  ;  Exjend  from  4  to 
a ;  tliat  extent  will  reach  from  1  on  the  middle  to  ,75  towards  the  left  faapd. 
The  like  may  be  observed  of  any  other  vulj^ar  fraction. 

Multiplication  is  perfonned  on  this  liii. ,  hy  t  xtending  from  1  to  the  muttl- 
plirr  :  that  extent  will  roach  from  the  multiplicand  to  the  product. 

Suppose,  for  example^  it  were  required  to  find  the  product  of  16  mmtinfied 
by  4,  extend  from  1  to  4;  that  extent  will  reach  from  16  to  64^  the  prodnet 
required. 

l)ivisi«.ii  ht'iui;  the  reverse  of  multiplication,  therefore  extend  from  the  di- 
\hoT  to  unity  ;  that  extent  will  reach  from  tlie  dividend  to  the  quotient  ' 
Suppose  p  t  to  be  divided  by  4  ;  extend  from  4  to  1,  that  extent  wiD  readl^ 

from  64  to  16,  the  quotient.  '       ,  « ,i  j 

Questions  in  the  Rule  ofThree  are  solved  by  this  line  as  follows  :  Extend 
from  the  fir^l  term  to  the  second,  that  rxt.  nt  w  ill  reach  from  the  third  term* 
to  the  fourth.  And  it  ought  to  be  parUcularly  noted,  tha^J£you  extend  to 
the  left,  from  the  first  number  to  the  second,  youonist«ho««to»totheleft, 

from  the  third  number  to  the  fourdi ;  and  the  contrary. 

 •  ^  - 

♦  Or  jou  may  extend  from  the  fint  to  the  third,  for  that  extent  wlB  reach  from  the - 
•eeoad  to  Om  fourth.  *  This  method  ami  bs  iMlspCod  wbm  ariilg^  lines  of  mmm, 
tsogents,  lu:.  if  the  fim  and  third  terns  sn  Of  tbi'aw  «^ 
■econd  and  fourth.  • 
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'BlAMPL^.  If  the  diaraetfT  ofa  rirHobr  7  inches,  and  th#»  rimimffn  nre 22, 
what  is  the  circumference  of  anotlier  circle,  thediameter  of  which  is  14  inch- 
es 1  Extend  from  7  to  £2,  that  extent  will  reach  from  14  to  44  the  same  way. 

•Tbe  tuperileMleonteiit  of  any  paraOelogram  is  found  by  extending  from  1  to 
fbebreadm;  that  extent  will  reach  from  the  length  to  the  su^x'rficial  content., 

ExAMPLB.  Suppose  a  plank  or  board,  10  inches  broad  and  il  feet  long, 
*tke  content  of  which  is  required :  Extend  from  1  to  1  foot  d  iudies  (or  1,2^ ;) 
tbat  extwt  wiD  reach  llrom.tT  feet  to  33,75  feet,  the  supericial  content.  Or 
extend  flrom  IS  inches  to  l9,  ^c. 

The  sofid  content  of  any  bale,  box,  rho'sf,  k.c.  is  found  by  ext»'ndinp;  from 
1  to  the  breadth  ;  that  e^xtent  will  reach  from  th*'  d«'pth  to  a  fourth  nunifx  r, 
and  ttie  extent  from  1  to  that  /buith  mmiber  will  reach  from  tlie  length  to  the 
toKd  eoBtent. 

ExAMPU  lat.  What  is  the  content  of  a  square  piUar,  whose  length  is^l 
feet  9  inches,  and  breadth  1  foot  S  inches  ?  The  extent  from  J  to  1,'ib  will 
reach  from  1,25  to  1,56,  the  content  of  orte  foot  in  Icngtli ;  again,  the  extent 
Afom  1  tp  1,56  will  reach  from  the  length  21,75  to  33,9.  or  34,  the  solid  content 
in  feet.  . 

Example  td.  Suppose  a  square  piece  of  timber,  1,25  feet  broad,  ,56  deep, 
and  36  long,  be  given  to  find  the  content :  extend  from  1  to  1,25  ;  that  ex- 
tent will  reach  from  ,56  to  ,7  ;  then  ext^d  fro^i  1  to  ,7 ;  that  extent  will 
ffMoh  Aom  9&  f»  tM  the  loUd  content.  In  ^  JOMnner  may  the  cooiiiiti 
of  bales,  kc.  be  found,  which  divided  by. 40  wiH  ghre  the  tonnage. 

4thly.  The  line  of  sines  marked  (Sin.J  corresponding  to  the  log-sines  of 
the- degrees  of  the  quadrant,  begins  at  the  left  hand,  and  is  numbered  to  the 
right  thus :  1,2,  3,  4,  5,  &lc.  to  10 ;  then  20,  30, 10,  ^.  ending  at  90  degrees, 
moM  b  a  brass  centre  pin,  aa  tiiei«  b  at  the  ridht  end  of  afl  the  luie^ 

5thly.  The  line  of  vcrnod  sines,  marked  ( v .  S.)  corresponding  to  the  log 
versed  sines  of  the  degrees  of  the  quadrant,  begins  at  the  rigiit  hand  against 
90^  on  the  sines,  and  from  thence  is  numbered  towards  the  left  hand  thus : 
10,  fd,  so,  40,  be.  ending  at  the  left  hand  atahoul  each  of  fSkA  subdi- 
▼iiiOQli,  fifooa  10  to  SO,  ia  in  general  two  dagrcei,  ttom  thence  to  90  ia  dngle 
degrees,  ^rom  Aence  to  the  end,  each  degree  is  dfvided  into  15  minutes. 

6th1y«  The  line  oT  tangents,  marked  (Tang.)  corresponding  to  the  log- 
tangents  of-  the  degrees  of  t|ie  quadrant,  begins  at  the  left  iiand,  and  is  num- 
beied  towarda  the  right  thus :  I,  t,  0,  ttc.  to  10,  and  ao  on  10,  80,  40,  and 
4i|  where  is  a  brass  }»in  imder  flOO  on  the  sines ;  from  thence  it  is  numbered 
backwards, ^50,  60,  70,  80,  kc.  to  89.  ending  at  the  left  hand  where  it  began 
at  1  degree.*  The  subdivisions  are  nearly  similar  to  those  of  the  sines.  When 
yOQ  liKVO  majr  astent  in  your  comfMuwem  to  be  aet  off  fVom  any  nninber  lesa 
than  45^  on  Ihe  Ime  of  tailgenti,  towaida  the  right,  and  it  is  found  to  reach 
beyond  the  mark  of  45^,  you  must  see  how  far  it  extends  beyond  that  mark, 
and  set  it  off  from  40^  towards  the  left,  and  see  w  hat  degree  it  falls  upon, 
which  will  be  the  number  eought,  which  must  exceed  45^ ;  if,  on  the  con- 
trary, ydu  are  to  act  off  auch  a  diitaoce  to  ti)e  right  from  a  mimber  giMer 
dian  45^,  you  paust  proceed  aa  before,  oailjr  renembering,  that  the  anaiver 
must  be  less  than  45*^,  and  ^ou  must  always  consider  the  degrees  above  45^ 
as  if  they  were  marked  on  the  eontiD  nation  of  the  line  to  the  right  hand  of  45^. 

Tthly.  The  line  of  the  meridbnai  parts,  marked  (Mer^)  b^tns  at  the  right 
fattd,  and  ia  numbered  thus  J  10,  fO,ao,fiEc.  totlwIaftlHiidi'tibavattaBdaat 
87  degrees.  This  line,  with  the  liner  of  equal  parts, 'marked  (E.  P.)  under  it, 
are  u»ed  together,  and  only  in  Mercator*s  Sailing.  The  upper  line  contains 
the  degrees  of  tho  merkiian,  or  latitude  in  a  Mercator's  chart,  eorreaponding 
to  tiw  degreea^  longitude  on  the  loiner  Hna. 

The  use  of  this  Scale  in  solving  the  usual  problems  of  Trigonometry,  Plane 
Sailing,  Middle  Latitude  Sailing,  and  Mercator's  Sailing,  wdl  be  given  in  tlir 
course  of  this  work;  but  it  will  be  unnecessary  to  enter  into  an  explanation 
of.  its  use  in  calculating  the  common  problems  of  Nautical  Astronomy,  as  it 
is  jftiicli  more  accurate  to  |>erflBnii  those  caleubtiofis  by  logavithms. 
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THE  Sfi^g^ule  coosisto.pf  a  jlenf  juirt  :uk1  a  titder,  and  Is  of  the  sanic 

iliint'usioii'^,  h;\<  thv  sainr  linrs  inarkrd  on  it  a??  on  a  roinnion  (iimtor  or. 
Planf  Scal«\  which  may  l»r  u^cil  \\ith  a  pair  of  compaj>s<'s  in  the  ^ain*-  manner 
as  Uiuse  scahiH ;  and  its  a  de{>rripLiun  uf  ihust*  iinei»  has  aiready  been  given, 
it  uriH  be  unnecessary  to  repeat  it  liere,  it  being  sufBdent  to  observe,  (hat 
there  are  two  fines  of  numbers,  a  line  of  log-sines  and  a  line  of  lo^-tan^ents 
on  the  slider,  and  that  it  may  he  shifted  so  as  to  fix  any  face  of  it  on  either 
«ide  of  the  Qxed  part  of  the  scale,  according  to  ,the  nature  of  tlie  (question 
to  he  solved. 

In  solving  any  problem  in  Arithmelie,  Trigonometry,  Plane  Sailing,  be. 

let  the  proposition  oe  stated  that.the  first  and  third  terms  may  be  alike,  and 
of  eonrse  the  second  and  fourth  terms  alike  ;  then  bring  the  Jtrst  term  of  the 
awilugy  on  the  Jixtd  part^  against  the  second  term  on  the  slider^  and  against  the 
third  term  om  ihe  Jtxed  vart  vUi  he  found  the  fourth  term  on  ihetHaer;*  or  if 
necessary  the  first  and  tnird  terms  may  be  found  on  the  slider,  and  the  second 
and  fourth  on  the  fixed  ]>art.  Mttltiplication  and  Division  are  performed 
by  this  nde,  in  consiilcrinp;  imity  as  one  of  the  terms  of  the  analogy. 

Thus,  to  perform  multiulicalion,  set  1  on  Llie  line  of  numbers  of  the  fixed 
part  agidnst  one  of  tiie  factors  on  the  line  of  numbers  of  the  sHder,  then 
against  the  otter  facto?  dn  the  Uted.  paH  will  be  found  the  product  on  ttie 
slider. 

Example.  To  find  the  product  of  4  b v  l:^  draw  out  the  slider  till  1  on 
die  fixed  part  coincides  witfi  4  on  the  sliaer,  tiien  opposit($  19  on  the  fixetf 
|>art  win  be  found  48  on  the  slider.  * 

To  perform  Division,  set  the  divisor  on  the  line  of  jAimbers  of  the  fixed 
part  against  1  on  thr  slider,  then  against  the  dividend,  on  the  fixed  part,  will 
be  found  the  tjuolienl  on  the  slider. 

ExAXPiiB.  To  tfvide  41^  by  1  act  4  on  the  fixed  part'acainst  1  on  the 
fllider,  then  against  48  on  the  fixed  part  will  be  found  It  on  the  snder> 

EXAMPLES  jy  THE  RVLE  OF  THREE. 

Tf  a  ship  sail  2d  milea  in  4  Itoura,.  how  many  miiea  wiU  the  sail  in  It  hour» 
at  the  same  rate?  •  *         .  ^ 

Bring  4  on  the  Une  of  numbers  of  fhftfised.pirt  agaiut  15  on  the  line  of 
maiber^  i»f  the  slider,  then  against  1ft  on  the  flzedpart  will  befdbnd  76  imlhe 

alider,  which  is  the  answer  required. 

ExAMi'LK.    If  d  pounds  of  sugar  cost  "iX  cents,  what  will  'i?  pounds  cost  ? 

Bring  on  the  line  of  numbers  of  the  fixed  part,  against  on  the  Une  of 
mmben  of  the  slider,  then  agaimt  %1  on  the  'fixed  part,  will  be  found  189  on 
theiKder. 

EXAMPLE  IN  TRIGONOMETRY.  • 

In  the  oblique-angled  triangle  ABC,  let  there  be 

gfiea  ABesM,  ▲0«s64,  angle  ABC;ss460  SO'  to  find 

the  «tiier  anglea'aad  the  aide  BC. 

» 

« 

In  this  case  we  have  (6v  art.  9%  Gtomdru)  the  following  rai 
•AC  (64) :  sine  <  B  {460 IW)  : :  AB  (56) :  and  sine  <  B:  AC  ;: 

itbe  <      BG*  Thenfoic.  to  work  the  first^proposition  by  tiie  sliding  rule/ 

*  if  the  first  aud  sccouU  U:niu  arc  alike,  uistcad  ol  the  first  and  third,  yo«  mutt 
bring  the  ftrst  tens  on  the  slider  against  the  third  on  the  fixed  part,  and  agaiiist  tba 
aecood  term  on  the  s1i(!f'r,       l>c  found  th  fmn  th  tcmi  on  the  fixed  part.    Or,  if  ncccR-^  * 
saiy,  tfio  first  and  second  terms  Qiay      found  an  thp  fixed  pjoxl,  and  the.  aud 
fiHirtb  on  the  flider.  • 


Digitized  by  Google 


25 


\\c  musl  bring  G4  on  the  Uoe  uf  number!)  of  the  fixed  part,  agaioHt  46^  dO'  on 
the  Ifaie  of  sines  of  the  slider,  then  agMnst  &e  on  the  former  will  be  SfP  -94* 

on  the  latter,  which  will  hr  th«*  C-    Tin-  sum  of  the  ani;U'S  B  and  C 

liein};  su!)trart<'d  from  lliO^  h  aves  th«'  an>;lt'  A  =  !)i  '  Thi-n,  by  tin*  se- 
cond canon,  bring  liie  angle  B=46^  5U'  on  the  liue  of  sines  of  the  Hlider 
against  AC =64  on  the  line  of  numbers  of  the  fixed  part,  then  azainst  the 
an{!;1r  A =94^  t'  (or  its  stippU-ment  85^.  i-V)  on  the  shaer  will  be  round  the 
side  BC  =  Kci  on  tho  fixrd  part. 

In  a  similar  manner  may  th*-  otln-r  propositions  in  trigonometry  \u'  ^oIv«'d. 


Middle  Latitude,  and  Afercator's  Sailing,  as  in  the  three  follovrtng  example^ 

which  the  learner  may  pass  over  until  he  can  sohr  th<-  sainr  probh-ms  by 
tJie  Scale.  If  any  one  u  isln-s  to  know  the  ii^o  of  tlu-  slidirip;  ni!«'  in  pr«>b!emH 
of  Spherical  Trigonometry,  he  may  consult  the  treatises  written  expressly  on 
that  subject:  but  it  may  be  obaenred,  that  in  sueh  calculationa  me  aKdiitg 
rufe  is  rather  an  ol^jrrt  of  curiosity  than  of  real  use,  as  it  is  much  more  accu- 
' rate  to  make  use  of  loj^arithm*?. 

Example  1.  (iiv(  n  the  course  mailed  1  point,  and  Uic  distance  &d  mileSF** 
required  the  dilTerencu  of  Latitude  and  Departure  ? 

By  Case  1st  of  Plane  Sailing,  we  have  tnese  canons : 

Iladias  (ft  points)  :  Distance  (85)::  Sine.  Co.  Course  (7  points)  :  DMT.  Lat^ 
and  Radius  (8  points)  :  Distance  (85)  ::  Situ-  Course  (1  point) :  D<  iwirtun*. 

Hence  we  must  bring  the  radius  8  points  on  the  fixed  part  of  the  Sints 
Bhumbs  agathst  (15  on  me  line  of  numbers  on  the  slider,  then  agiunst  7  points 
^nUiesine  rhuniVs  will  he  found  the  diff.  of  lat  891  on  the  sfidcr,  and  agalhst 
one  point  will      found  the  departure  16^  miles. 

If  the  course  is  ^iwn  in  degrers.  you  must  use  the  line  marked  Sin. 

ExAMPLK  2.  Given  the  diff.  of  lat.  10  miles,  and  departure  30  miles— in  - 
quired the  course  and  distance  T 

By  rase  6,  of  Plane  Sailing,  we  have  this  canon  for  the  course 

Diif.  Lat.  ( 10)  :  Radius  15'-^  ::  Depnrtnre  (30) :  Tang.  Course. 

Uence  we  must  briog  40  on  the  line  of  numbers  uf  the  slider  againSl  4(>^  on 
the  ffne*off  tangents  on  the  ftted  part,  then  agahnt  90  on  thejriidtrwiiibe 
futind  the  course  97^  nearly. 

Again,  the  canon  for  the  distance  ^ives  : 

Sine  Course  (37^)  :  Departure  {60)  ::  Radius  (HO'^)  :  Distance. 

Hence  we  must  bring  67^  on  tlie  line  of  bines  of  llie  fixed  part  against  SO 
oo  ttw  Itoe  of  numbers  on  theslMer,  then  against  00^  on  the  line  of  shies  of 
the  fixed  part  will  be  found  the  distance  &0  on  the  slider. 

Example  3.  Given  the  Middle  Lat.  40^  and  the  departure  30  uile»— >re> 
quired  the  Diff.  of  Long.  ? 

By  casi  6,  of  Middle  Latitude  Sailing,  we  hare  this  canon 

Sine  Comp.  Mid.  Lat.  (DO^) :  Departure  (30)  ::  Radius  (90^)  :  Diff.  Long. 

Hence  by  hritiging  50^  o?)  the  line  of  sines  of  the  fixed  p  irt  against  30  on 
the  line  of  nuinbtirs  on  the  slider,  then  aj^ainst  90*^  on  the  ii\«  d  part,  we  blnll 
fiud  59  on  the  shdcr,  which  will  In*  the  diilurewce  of  lynsitude  required. 
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DESCKlfTlOri  AND  USE  OF  THE  SECTOB. 

THIS  instrument  consists  of  two  rules  or  legs,  moveable  round  an  axis  or 
joint,  as  a  centre,  having  several  8cale»  drawn  on  the  fkees,  some  single, 
others  double ;  the  single  scales  are  like  those  upon  a  common  Gunter*! 
Scale  ;  the  double  scales  are  those  which  proceed  from  the  centre,  each  being 
laid  twice  on  the  same  face  of  the  instrument,  viz.  once  on  each  leg.  Frool 
these  scales,  dimensions  or  distances  arc  to  be  taken,  when  the  legs  of  the 
histrtnnent  are  set  in  an  angular  position. 

The  single  scales  being  used  exactly  like  those  on  the  commnn  Gunti^r's 
Scale,  it  is  unnecessary  to  notice  them  particularly;  "we  shall  tbi  refore  only 
enumerate  a  few  of  the  uses  of  the  double  scale,  the  number  of  whicli  is 
seven,  vhe.  fhe  scale  of  Lines,  marked  Lin.  or  L.  the  leale  of  chords  mark- 
ed Cho.  or  C.  the  scale  of  Sines,  marked  Sin.  or  S.  the  scale  of  Tangenl» 
to  45"^,  and  another  scaler  of  tangents  from  45'^  to  aliout  76'^,  both  of  which 
arc  marked  Tan.  or  T.  the  scale  t)f  Secants,  marked  Sec-  or  S*  and  the  scale 
of  Polygons,  marked  Pol. 

The  scale  of  linest  chords,  sines,  and  tangents,  under  4SPt  are  aH  of  fb» 
same  radius,  beginning  at  the  centre  of  the  instrument,  mid  terminating  near 
the  oth«*r  extremity  of  each  leg,  viz.  the  lines  at  the  division  10,  the  chords 
at  60^,  Uie  siues  at  90<^,  and  the  tangents  at  40^  ;  the  remainder  of  the  tan- 
f^ta,  or  those  above  45^,  are  on  other  scales,  beginning  at  a  qnarler  of  tito 
length  of  the  former,  counted  from  the  centre,  where  they  are  niarked  witb 
45°,  and  extend  to  about  76  degrees.  The  secants  also  begin  ai*  the  same 
distance  from  the  centre,  where  they  are  marked  with  0,  and  are  from  thence 
continued  to  75°:  The  scales  of  polygons  are  set  near  the  inner  edge  of  the 
legs,  and  where  these  scales  begin,  they  are  marked  with  4^  and  ftt^m  thenoo 
ere  numbered  backward  or  towards  the  centre,  to  12. 

In  describing  the  use  of  the  sector,  the  terms  lateral  distance  and  tran^Vfrsr. 
diitanct  often  occur.  By  the  former  is  meant  the  distance  taken  with  tha 
compasses  on  one  of  the  scales  only,  beginning  at  tiie  centre  of  the  sechv^ 
and  by  the  latter,  the  distance  taken  between  any  two  correspondinf;  dhrisio  Qs^ 
of  the  scales  of-  the  same  namct  the  legs  of  the  sector  bdng  in  an  aagnit  v 

position. 

'The  use  of  the  sector  defends  upon  the  porportionability  of  the  correa-  * 
poodin^^  sides  of  sunllar  tnangies,  (dema$^ 
Ktrated  m  art.  58,  Geometry.)  For  if  in  the 
triangle  ABC  we  take  AB=AC  and  AD  = 
AE,  and  draw  D£,  BC,  it  is  evident  that 
DE.  and  BC  will  be  parallel ;  therefore  hf 
the  above-mentioned  proposition  AB:Ai« 
BC  ::  AD  :  DV.  :  so  that  whatever  part 
AD  is  of  A B,  the  same  part  DE  will  he  of 
BC ;  hence,  if  DE  be  the  chord,  sine,  or 
taflcent  of  aqy  arch  to  the  radius  AD,  BG 
wlHbr  the  same  to.the  radhis  AB. 

UuoftlUimeofLimM, 

The  line  of  Imes  is  useftil  to  divide  a  ^ven  line  into  any  number  of  «qual 

parts,  or  in  any  proportion,  or  to  find  Sd  and  4th  proportloiialSt  or  |peaft  pro- 
portionals, or  to  mcrease  a  given  line  in  any  })roportion. 

Example  1.  To  divide  a  given  line  into  any  number  of  equal  parts,  as 
suppose  9 :  make  the  length  of  the  given  line  a  transverse  distance  to  •  aad 
9,  the  number  of  parts  proposed;  then  will  the  transverse  distan<^of  1  abd  t 
he  one  of  the  parts,  or  the  ninth  part  of  the  whole ;  and  the  transverse  dis- 
tance of  2  and  2  will  be  2  of  the  equal  parts  or  |  of  the  whole  line,  &c. 

ExAMPu  2.  If  a  ship  sails  52  miles  in  8  hours,  how  much  would  she  sail 
in  9  hours  at  the  same  rate  ? 
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Take  52  in  your  compasses  as  a  transverse  distance,  and  set  it  »»fl*  from  8 
to*!,  then  tlie  transveme  distance  3  and  3  being  measured  hiterally,  wUl  be 
fbuBd  equal  to  19  and  a  hali;  wliich  isHla  nmnber  of  milea  i«(|uired. 

Example  8.  Having  a  duut  co|iitructed  upon  a  leale  of  6  miles  to  aa 
inch,  it  is  required  to  opi^n  the  aactor,  80  that  a  corresponding  scale  may  be 
taken  from  the  line  of  linen  ? 

Make  the  transverse  distance  6  and  6,  equal  to  1  inch,  and  this  poaition  of 
tibit  sector  will  produce  the  f|;iven  scale. 

ExAMpLR  4.   It  is  required  to  fp±aiot  a  iCale  of  6  inehes  to  a  degree,  to 

another  of  S  inches  to  a  decree  ? 

Make  the  transverse  distance  6  and  t>,  equal  tu  the  lateral  distance  6  and 
A:  tfaeo  act  f>ff  any  diftanoa  froA  the  chart  laterally,  and  tlw  conrcsponding 
4nnMiTeria  distance  W91  be  the  rediioed  diataaca  required. 

Example  5.  One  side  of  any  triangle 
being  given,  of  any  lengUi,  to  measure  the 
Other  two  sides  on  the  same  scale. 

Suppose  the  side  AB  uIT  the  trUu^le  ABC* 
measures  oo,  what  are  the  meaflorca  of  the 
other  Iwo  sides  2 

A."^  ITS   C 

Take  AB  in  your  rompasses,  and  apply  it  transversely  !<»  00  and  50;  to 
this  opening  of  the  sector  apply  the  distance  AC  in  your  compasses  to  the 
aame  number  on  both  sides  or  the  rule  transversely ;  and  where  the  two 
points  fall  will  be  the  measure  on  the  line  of  lines  of  the  distance  required ;  Ihr 
•dbtance  AC  wiH  fidi  against  ^  63*  and  BC  against  4b,  4it  on  .the  line  of 
tines. 

Use  uf  the  line  of  Ckords  on  the  S trior. 

The  line  of  chord''  ui»(>n  the  sector  h  very  useful  for  prolrarliiiK  any  .'m- 

Se,  when  the  paper  is  so  small  tiiat  an  arch  caimot  be  drawn  upon  it  \%iili 
m  radius  of  a  eoamum  fine  of  chorda. 

Suppose  it  was  rciiidred  to  act  off  an  arch  of  860»  firom  the  poipt  C  of  the 

fmall  circle  ABC 

Take  the  radiiis  DC  in  your  nnnpas^^es,  and 
eet  it  O0*  transversely  from  60^  to  6U^  on  the 
choMa,  then  take  the  transverse  e^ctft  from 
30^  to  909  00  the  chords;  and  place  one  foot 
of  the  compasses  in  C,  the  ntlier  will  rearh  to 
£,  and  C£  will  be  the  arch  requinid.  And  hy 
the  converse  operation  any  angle  or  arch  may 
be  .measured,  m.  avith'any  radios  ^kwribe  an 
nrch  about  the  nnpilar  point ;  set  that  radius 
transversely  from  00*^  to  VJ)  ' :  llien  take  the  dis- 
tance of  the  arch,  intercepted  U;tween  the  two 
legsr  and  apply  it  trantTcrselv  to  the  diords,  wHch  wiO  abow  the  de^uaa  of 
Hie  gireB  vm,  * 

NoTF.  When  the  angle  to  be  protracted  exceeds  CO^,  you  must  lay  off 
60^,  and  then  the  remaininR  part ;  or  if  it  be  alnive  ls»0^\  lay  off  f.o'^  twice, 
and  then  Uie  remaloiiig  part.  And  ut  a  similar  maiiovr  any  arch  above  60^ 
may  be  measured. 

.  '    .  Ukb  of  1^  Una  of  Sines,  Tanf^tt,  and  SmmU. 

By^the  several  lines  disposed  mi  Uie  sector,  we  have  scales  of  several  ra- 
ii,iothat,  /  • 

Ist.  Having  a  length  or  radius  given,  not  exceeding  the  length  of  the  sec- 
tor when  opened,  we  can  find  the  chord,  sine.  kc.  of  an  arch  to  that  radius; 
thus,  suppose  the  choid,  sine,  or  tangent  of  20  degrees  to  a  radius  of  2  inches 
be  Tcquir^  .  Make  t  Inches  the  tran8vcr^e  opening  to  60^  and  60^  on  the 
rhordiT ;  then  wttl  tha  sane  extent  reach  fh>m  490  to  4»<'  on  the  tangents,  and 
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from  flO'^  la  90°  ori  tlio  s'mrs  ;  so  that  to  wliatovrr  radius  tho  lino  of  chords  I< 
snt,  to  the  snme  arr  all  th»*  (jthiTs  Sft  also,  \n  this  dispo-^ltion,  thrrefor<j,  if 
the  Iraii.svtirsf  distaiK'*'  iK'twt'pn  20^  and  '20^  on  thr  cln^rds  \ie  taki*n  withthn 
compass,  it  will  givo  the  chord  of  £0  degrfta;  and  if  the  transverse  of  lO® 
and  2<P  be.  in  Jike  manner  taken  on  the  aintiS,  it  will  be  the  sine  of  tO  de« 
grees;  ond  lastly,  if  the  Iransvt^rse  distance  of  20^  and  ftfl^  be  taken  on  th<i 
tanp:onts,,it  wiU  be  the  tangent  of  SO. degrees  to  the  same  radius  of  two 
inches. 

Sdly.  If  the  chord  or  tiuigi  nt  of  70^  were  rcquii^.  For  the  chord.you 
must  first  set  off  the  chord  of  80^  (or  the  radius)  upon  the  aprh,  and  then  set 
off  the  chord  of  '  To  ^nd  the  tangent  of  70  degrees,  to  the  same  iradiusr 
the  scalo  of  tipper  tnnfrcntf!  niusth**  usod,  the  under  one  onlj'  n-achin?:  to  45^; 
making  therefore  -2  inehed  the  transYerse  distance  to  and  at  the  be- 
ginning M  that  scale,  the  extent  bi^een'70<^  and  70^  on  the  same  wiUlie.^ 
tangent  qf  70  degrees  to  t  hiches  radius. 

3dly.  To  find  the  secant  of  any  areh;  make  the  given  radius  the  trans- 
verse  distTuci-  hetween  0  and  O'on  the  secants:  th^n  will  the  transverse  dis- 
tance of  20°  and  20^,  or  70^  and  70^,  give  the  secant  pf  £0^  or  70°  respco- 
6?ely.  .        •  . 

4thly.  If  the  radius  and  any  line  representing  a  sine,  tangent,  or  secant, 
he  given,  the  degrees  corresponding  to  that  line  may  he  found  by  setting  the- 
sector  to  the  giveti  radius,  aerording  as  a  sine,'  tangent,  or  secant  is  concem- 
9td;  then  taking  the  given  line  bcl^veen  .the  compasses,  ajid  applying  the  two 
feet  transversepr  to  Uie  proper  scale,  and  sUdin^  the  feet^dong  till  they  both 
rest  on  like  divisions* on  both  Ir^s ;  tht  n  Uie  divisions  will  show  the  dcgreetit 
and  parts  oonresponding  to  the  given  line. 

Uh  of  the  line  of  Puij/goMS.  •  ^ 

The  use  of  tliis  line  is  to  inscribe  a  regular  polygon  in  a  circle.   For  exam-* 
pie,  let  it  be  required  to  inscribe  an  ortn^on  m  a  circle.    Open  the  sector  till 
the  transverse xlistance  C  and  (!  be  e<pi;il  to  tJie  radius  of  tlie  rirele  ;  then  wiU 
the  transverse  distance  of  8  and  i;  be  tlie  side  of  the  inscribed  polygon. 

Uie  of  the  Kctar  in  Trigwum^ry, ' 

An  proportions  in  trigonometry  are  easily  wdrlced  by  flie  douMe  lines  on 
*  the  sector;  observing  that  the  sides  of  trianji^Ies  are  taken  off  the  fine  of 

1in<*8,  and  the  angles  are  taken  oiT  the  sines,  tanjj;ents;  or  secants,  acrordinq^ 
to  the  nature  of  the  proportion.  Thus,  if  jn  the  triafij^le  ABC  we  have  given 
AB=50,  AC  =64,  and  the  angle  ABC=4C0  JO'  to  find 
the  rM  In  this  case  we  have  {by  art.  58,  Gemetn/) 
lh#  following  proportions,  as  AC  (64) :  sine  <  B  (4R^ 
ah  |:  AB  (5G)  :  sme  <  C,  aiid  as  sine  B  :  AC  ::  sine  A  : 
BCf.  Therefore  to  work  these  proportions  by  the 
sector,  take,  tlie  lateral  distance  1U=:AC  from  the 
Ine  of  lines,  and  open  the  sector  to  make  this  a  transverse -distance  of  46^ 
80'=:<  B  on  the  smes;  then  take  the  lateral  distance  OG=AB  on  the  linds, 
and  apply  it  transversely  on  the  sines,  wlilrh  will  pive  iV^^-  M'tir^  C.  Hence 
the  sum  of  the  angles  Band  (J  is  8t>^  04',  which  taken  from  180^.  leave  the 
angle  A=94'^  6'.  Tb«n  to  work  this  .second  proportion,  the  sector  being  set 
at  the  aanie  opening  aa  before,  take  the  transverse  distance  of  94^  e'ssthe 
anglto  A  on  the  sines,  or,  which  is  the  same  thing,  the  transverse  ^stance  of 
its  supplement  85^  54';  then  this  applied  laterally  to  the  lines,  gives  the 
sought  side  BC  =  88.  In  the  sanjt^  manner  we  might  solve  any  problem  in 
tr^onometrv,  where  the  tangents  and  secants  occur,  by  only  measuring  the 
transvene  distanoae  oh  the  tttigeots  or  secants,  instead  of  measuring  them 
on  Ae  sines,  as  in  the  preceding  example.  All  the  probb  nis  that  occur  in 
Nautical  Astronomy  may  he  solved  by  the  sector,  but  as  the  cah-idation  by 
logarithms  is  much  more  accurate^  it  will  he  u'^'lev**  to  enter  into  a  furth<'r 
detail  on  this  subject. 


I* 
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|>OGARlTBMS. 

IN  orHi^T  to  abbrtmte  the  tedious  oporaliotit  of.multiplicatioii  aiul  djTlsion 

^vith  larjjr  nmnberSi  ft  Series  of  numben,  railed  l(>p;arithm.s,  wen-  Irnrntod  by 
Lord  NaJ>i<•^.  Baron  of  Marrliit)sfoii  in  Sctitl.nul,  mikI  putilished  in  Edinburgh 
in  1*51  I  ;  by  inf-ans  of  which  the  ojn  rati»Mi  *>f  ninltinhcation  may  be  prrform- 
cd  by  addition,  and  division  by  subtraction;  niuxiDera  may  be  involved  to 
■ny  power  hy  liiiiiitomuHiplvntioat  and  the  root  of  any  power  extracted  hj 
aniph'  division. 

In  Tahli;  XXV'I.  are  pivm  th<'  hi^arithm^  of  all  nnmhrrs  from  I  fo  9909; 
to  each  one  oueht  to  hi*  prefixed  an  indent,  with  a  period  or  dot  to  separate 
H  Urom  the  omor  part,  aa  hi  deaima]  IHieiiMias  tha  nimheia  Ihmi  1  to  ipo 
are  published  in  that  tible  with  their  indices;  hut  from  too  to  9999  tfaaill- 

dex  is  left  out  for  the  snUe  of  fin'\  ity,  hut  it  may  be  supi'li* d  hy  this  general 
rule,  viz.  tfu  intltx  of  iht  los^ttrithm  of  anxf  intct^cr,or  inirtd  nuvil/t  r,  is  alwnus  one 
itss  than  tlu.  nutnber  of  inUgtr places  in  tht  nalural  number.  Tlius  liie  index  of 
the  lof^rithm  of  any  nuinher  (integer  or  miied)  between  '10  and  100  is  1« 
from  100  to  1000  it  is  il,  from  lUOO  to  10000  is  S,  Uc.  tlw  method  of  finding 
the  logarithms  from  this  tahh-  w  'lW  he  eviuejit  from  the  roIlo\\  ingeXSmpljBS. 
To  find  tht  logarilhtn*  of  tmu  numUr  lata  than  lUU. 

Rule.  Enter  the  first  pa^e  of  the  table,  and  oppoi^  Uie  given  numbar 
ivill  be  filund  the  h)garithm  with  its  index  prefixed. 

Thus,  opposite  71  is  1.80126,  which  is  ttt  logarithm. 

To  find  the  logarithm  of  any  number  between  1(H)  and  1000. 
Rt'LF-    Find  the  given  number  in  the.  h-fr  hand  column  of  the  table  of  loga- 
nthms,  and  imraediattUy  under  0  in  the  next  column,  is  a  number,  to  which 
must  be  prefixed  the  number  f  as  an  index  (becauhe  the  nvuber  flunsiuts  af 

three  places  of  figures)  and  you  \vil|have*tbe  sought  logarithm. 

Thus,  if  the  logarithm  of  was  recprirrd;  this  number  being  found  in 
the  left  hand  column,  a;;ainsl  it  in  the  rohjmn  marked  0  at  the  lop  (or  bot- 
tom) is  found  ai!£^  H  to  tvhicli  prefixing  tlie.  in^cx  we  have  the  logarithm 
of  640st.812S4.  • 

To  find  Uu  hi^fkm  of  any  numkr  behKM  1000  mtd  lOOOO. 

Rule.   Find  the  three  left  hand  figures  of  the  given  number,  in  the'laft 

hand  rohimn  of  the  table  of  htj^arithmn,  opposite  lo  which,  in  the  column 
that  is  marked  at  tin*  top  (or  bottom)  with  tlie  fourth  f>gur<',  la  to  Im*  found 
the  sought  logarithm  ;  ty  which  myst  Ih>  prefixed  the  index  because  the 
number  oimtsfais  4plaeiea  of  figares. 

Thus,  if  the  logarithm  of  e49.'i  was  r«  <niired  ;  opposite  to  649,  and  in  the? 
eohimn  marked  :>  at  the  top  (or  bottom)  i^  i«12N»8,  tO  wllich  prefi]^  the  indox 
dand  we  have  the  sought  loparitlim  3.}',lirin, 

To  find  tfu  loi^arithm  of  an  if  numhtr  nhm'*  10000. 
.RtJLE.  Find  the  three  first  ligures  of  the  given  number,  in  the  let\  hand 
cdlunra  of  the  table,  and  the  fourth  figure  at  the  top  or  bottom,  and  take 
out  the  corresponding  number  as  in  tbe  preceding. rubs ;  take  also  the  dillbf- 
ence  between  this  lop;arithm  and  the  next  srreater,*  and  multiply  it  by  the 
given  number  exclusive  of  tiie  four  first  .figures,  cross  off  at  the  right  hand 
of  die  product  as  many  Hgures  as  you  had  .figures  of  the  ^ren  number  to 
multiply  by  ;  then  add  the  remaining  left  hand  figures  Of  this  product  to  die 
logarithm  takro  from  the  taltle,  and  to  the  sum  prefix  an  index  equal  to  one 
.  less  than  the  number  of  integer  figur&t  hi  the  given  number,  and  you. will 
have  the  sought  logarithm. 

^us,  if  the  Kigaritfam  of  64957  was  reuuired :  opposite  to  6^9  and  under 
n  i^  ni£58,  the  dlflerence  between  this  ana  the  nextgreati'r  number  81S65ls 
7,  this  multiplied  by  7  (tin-  l  ist  fljiure  of  the  given  number)  gives  t!»,  crossing 
off  the  right  hand  figure  leaves  4.U  or  U  to  be  added  to  w  hich  makes 

filififi,  to  this  prefixing  the  index  4,  w  e  have  the  sought  logarithm  4.81t68. 
'  Anin,  if  the  loganthm  of  6495788  was  required :  the  logarithm  corrrs- 
pondhi|(  to  649  at  the  left,  and  5  at  tbe  top.  is  as  to  the  last  example  811d9» 
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fSke  diftnaee  betirocn  tiiis  and  the  ntzt  .greater  ia  7,  whidi  andtfpUed  by 

738  (which  ia  equal  to  the  given  number  excluding  the  four  first  figures)  givcm 
SI 66,  crossing  off  the  three  right  hand  figures  of  this  product  (l)ocause  the 
number  -758  consists  of  three  figures)  we  have  tlie  correction  J  to  be  added 
to  ;  and  tiie  index  to  be  prefixed  ia  6  bccatwe  the  given  number  con- 
aiafs  of  7  phoea  of  figurea,  therefore  the  aought  logaritlun  u  6.81S69. 

To  find  the  logarithm  of  tmjf  WUMd  decimal  mHHher, 
Rule.    Find  the  lognrithin  of  the  number  as  if  it  was  an  integer  by  the 
last  rule,  to  which  prffix  the  index  of  the  integer  part  of  the  given  number. 

Thus,  if  the  logarithm  of  the  mixed  decimal  64».&7d8  was  required 
find  the  logarithm  of  g4e5788  without  noticing  the  decimal  point;  this,  fai 
tiie  last  example,  was  found  tO      81263,  to  this  we  must  prefix  the  index  ft, 
corresponding  to  the  integer  part  64d;  the  logaritlun  aouglit  wiilth^reibre 
he  2.81263.  • 

To  find  the  lo^rarithm  of  any  dtcimal  fraction  kss  thnn  unity. 
.The  index  of  the  logarithm  of  any  number  less  tlian  unity  is  negative,  but 
to  aToid  the  mixture  of  positive  and  negatire  quantities,  it  ia  common  to 
borrow  M  or  100  in  the  index,  which  must  afterwards  be  neglected  hi  auiii> 
ming  them  with  other  indices ;  thus  instead  of  writing  tlie  index  —  1,  it  is 
gmerally  written  -|-  0  or  4-  hut  in  general  it  is  sufficient  to  borrow  10  in 
the  index,  and  it  is  what  we  ^utU  do  mike  rtst  of  this  work.  In  this  way  we  maj 
find  the  logarithm  of  any  decimal  fhiction  by  the  following  rales. 

Rule.  Find  tlie  logarithm  of  a  fraction  as  if  it  was  a  whole  numt>er ; — see 
how  many  ciphers  precede  the  first  fip'Te  of  the  decimal  fraction,  subtract 
that  number  from  9  and  the  remainder  will  be  the  index  of  the  given  fraction. 

Thus  the  tog.  of  0,0991  is  8^9f  18 ;  the  log.  of  0,&&  ia  O.a079i$  ihe  log.  of 
#,00000fi9  is  439794,  kc. 

To  find  the  logarithm  of  a  vulgar  fraction. 

Rule.  Subtract  the  logarithm  of  the  denominator  from  the  logarithm  of 
the  numerator  (borrowing  10  in  the  index  when  the  denominator  ia  the 
granteat)  the  remainder  ww  ^jB  ihe  logarithm  of  tibe  Oraction  aought. 


BIAMPLB  I.  * 

Required  tiie  log*  of 
From  log.  of  3  0.47713 
Take  log.  of  8  ,  a90309 


EXAltfPLB  U.      .  . 
Requhred  the  log.  of  9|  or  V  ? 

From  log.  of  13  '     '  1.11394 

Take  log.  of  4  0.60S06 


kg.!  Of  ,375  •     9.57403lBeni.iflg.of  ^or3,S6  0.51198 

To  find  ike  nrniber  corresponding  to  any  logarithm. 

RuLT!.  In  the  column  marked  0  at  the  top  (and  bottom)  of  the  table,  seek 
for  tlie  next  less  logaritlmi,  neglecting  the  index  ;  note  the  number  against  it« 
«nd  carry  your  eye  along  that  Dne  until  you  find  the  nearest  less  logarithm  to 
the  given  one,  and  you  will  have  the  fourth  figure  of  the  ^ven  number  at  the 
top,  which  is  to  be  placed  to  the  right  of  the  thrijys  other  figures  ;  if  you  wish 
for  greater  accuracy,  you  must  take  the  difference  lietween  tliis  tabular  lo- 
garithm and  the  next  greater,  ^ao  the  difference  between  that  least  tabular 
logarithm  and  the  given  one ;  to  the  latter  difference  annex  2  or  more  ci- 
pfisrs  at  the  right  hand,  and  divide  it  by  the  former  difference,  and  place ,the 
quotient*  to  the  right  hand  of  the  four  figures  already  found ;  and  you  will 
have  the  number  sought  expressed  in  a  mixed  decimal,  the  integer  part  of 
whicbvwill  consist  of  a  number  of  figures  (at  the  left  hand)  e(|ual  to  the  index 
of  the  logaridim  increaaed  by  unity.f 

Thus,  if  the  number  corresponding  to  the  loprnrithm  1.5203-1  was  required  ; 
I  look  for  I'^G.SI  in  the  column  marked  0  at  the  top  or  bottom,  and  find  it 
standing  op^iosite  to  936  ;  now  the  index  being  1,  the  sought  number  must 
eonsist  of  two  integer  places,  therefore  it  ia  99,8. 


*  Thi*  i)uoiient  miui  consUi  of  M  aMMjr  nhnct  of  temt*  w  ikcre  «««  cbikMis  Mocftfil,  Mslbniiabic 
to  ibe  nilH  or  Um  diffisian  of  d<>cimais.  Thiu,  If  Uic  diviM^  mu  40^  and  Uw  nvinber  to  wkidk  two  d- 
wtT»  mamwtA  ma  S,  making  2.00,  the  qnodait  miitt  not  be  ntfrntKl  at  5^  bat  a»  Od,  tiid  tbcn  MO 
■^■■►■■■Mie  ptlWd  to  Ih^  right  of  the  four  fibres  befon;  fbviMl.  . 

I  eofmpoBds  to  0  fmction  lc*i  than  unity,  job  must  flltce  JM  many  ciph«i*  to  tb*  left  <» 

that  mimber  u  i\r*  f^ual  to  the  imiex  suixmctrd  from  J.  ihe  (iccitnd  |iglM  btioff  pbccd  lotbe  Ml  fV 
tbe»e  cljibeni  ia  Uiis  mannrr  you  uill  vbtain  Uto  tousbt  number. 
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If  the  elven  logarithm  was  2.318S8 ;  I  find  that  32838  stands  in  the  co- 
Itaan  maKed  0  at  the  top  or  buttonit  directly  opposite  to  £13  which  is  the 
iramlMr  sought,  .beeMM  His  Mul  Ining  ft,  th«  number  must  consist  of  S 
places  of  figures. 

If  the  number  corrosponrlinR  to  the  logarithm  2.&73^15  was  reqnired  ;  I 
look  in  the  column  0,  and  fmd  in  it,  aj^iainst  the  number  374,  the  logarithm 
&7ft87,  and  guiding  my  eye  along  that  line,  I  find  the  given  lugaritlim  57345 
in  the  column  marked  9\  therefore  the  mixecl  number  sdught  is  5745,  and 
since  the  index  is  2,  the  integer  part  must  consist  of  3  phices,  therefore  the 
number  sought  ia  371,5.  If  the  index  had  been  1,  the  number  would  have 
been  37,4d  ;  and  if  the  iiulex  had  been  0,  tlie  number  woulcf  have  been  3,745. 
Iff  the  iuia  had  been  i  fiorrssiioiidinB  te  e  wmah^  kii  thiiii  Imity,  the 
answer  would  have  been  0,03746,  tte^ 

Again,  if  the  number  corresponding  to  the  lo^rithm  5,57811  was  requir- 
ed ;  I  look  in  the  column  0,  and  find  in  it  against  373,  and  under  5,  the  loga- 
rithm 57b07,  the  difierence  between  tiii^  and  the  next  greater  logarithm 
57S18  being  11,  and.  the  diffeience  between '97807  sod  Oie  given  nimibar 
57811  being  4^  totfall4 1  affix  two  ciphers*  which  make  400,  and  divide  it  hr 
11,  the  quotient  is  36  nearly  ;  this  nuniher  connected  with  the  former  four  n- 
Eures  make  378596,  which  is  the  number  required,  since  the  index  being  9 
me  niunber  most  eomist  of  six  places  of  figures. 

MULTIPLICATION  BY  LOGARITHMS.  ' 

Rule.  Add  the  logaritJims  of  the  two  numbers  to  be  multipliedi  and  the 
sum  wfl]  be  the  logarithm  of  flieir  product 


EXAIfPLB  I. 
MoUlpW  S5  by  35. 
MIog. 
SSlsg. 

Kmdiipt  875  log. 

,  KXAMrLE  in 

]fdliil]rM6  by  0,0025. 
O,O0lB  log. 


1.397^ 
1.64107 


8.94201 


0.513S8 


Fkoduct  0,00615  log. 


7,91116 


EXAMPLE  IL 
MsHiply  22,4  by  1,8. 

t2,4  log.  1.350S5 

1,0lsg.  O.W8t7 

Protloct  40,32  log.            •  1.6055S 

BXAMPLE  nr. 

MUMply  0,S5  by  0,003.  . 

0,86      log.  9.39794 

0,00S     log.  7.47710 

Product  0,00075  log.  6.8750S 


In  the  last  example  the  sum  of  the  two  indict?  is  16,  but  since  10  was 
borrowed  in  each  number,  1  have  neglected  10  in  the  sum,  and  the  remainder 
0  being  lesa^H^tn  the  otiier  10,  b  evidently  the  mdez  of  the  logarithm  of  a 


Ririje.  From  the  logiriAm  of  the  dividend  siibtraetthe  logarithm  of  the' 
tile  remainder  will  be  the  logarithm  of  the  quotient. 


Divide  875  by  2o. 
875  log. 

isisi^ 


'2.91-201 
1.39794 


O&loK.  . 

BXAMPLE,  DL 

*  Divide  0,00315  by  0,0008. 
0,00815  lo^. 
0,0005  log. 


1.84407 


7.91116 
7.39794 


EXAMPLE  IL 
Divide  40,32  by  28,4. 
40,32  log. 


1.8  log. 

B]Uifn.B  nr. 

Divide  0,00075  by  0,085. 
0,00075  log. 
0,085  log. 


1.60550 

1.35025 

ojMor 


6.87506 

aoom 

8.47718 


Quotient  3,86  loff.  0, 5 1 322;    Quotient  0,03  1o^. 

In  £xam|>le  ift.  both  the  divisor  and  dividend  are  fractions  less  Hisn  unity, 
and  the  divisor  is  the  iMst,  eon8e<iuentlj  the  quotlbnt  is  greater  tlifto  unity, 
la  Bzample  IV.  both  fractions  sie  less  than  unity,  and  since  the  divisor  is 
the  greatest,  its  logarithm  is  ji^atcr  than  that  of  the  dividend  ;  for  that  rea- 
son It  was  necessary  to  borrow  10  in  the  index  {previous  to  making  the  subtrac- 
tion, hence  the  quotient  is  less  tiian  unity. 
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jyVOLUTION  BY  LOGARITHMS. 

HviJ£.  Multiply  the  logaritlmi  of  the  number  given,  by  tlie  index  of  the 
power  to  whieh  t(e  quantity  Is  to  be  miied,  the  product  wQl  be  thft  loga- 
rithm of  tbe  power  sou{;ht.  But  in  raising  the  powen  of  any  decimal  frac- 
tion it  must  be  observ*  d.  t!iat  \hv  first  significant  figure  of  the  power  must  he 
put  as  many  places  b«-low  the  place  uf  units  as  the  index  of  its  .logarithm 
want^  of  lU  multiplied  by  the  index  of  the  power. 


EXAMPLE  I. 
Beqinired  the  fqiuure  of  1S7 
l81og.   .  • 

Answer  324  log. 

EXAMPLE  III. 
Bequired  the  fquare  of  6^47 

.\nswcr  40,%  log. 


l.i;5S27 

 2 

2.31054 


0.80618 
 ^ 

1.61236 


EXAMPLE  II. 
Reqnifed  the  cube  of  IS? 

* 

Answer  2197  log. 

•      EXAMPLE  IV. 
Required  the  cube  of  0,257 
0,25  log.  ' 

Answer  0,015625. 


1.11394. 
 3 

3.S418» 


9.397M 
 S 

48.19382 


In  the  last  example  the  index  28  wants  t  of  90  (the  product  of  10  bv  the 
power  3)  therefore  the  first  si<;nifirnnt  figure  of  tiie  answer,  vis.  1,  is  placed 
two  figures  distant  from  the  plnce  of  uiiit.s. 

EVOLUTION  BY  LOGARITHMS. 

RuLK.  Divide  the  loKaritliin  of  the  ntiniber  by  th«*  index  of  the  power, 
the  quotient  will  be  the  logarithm  of  the  rout  sought.  But  if  the  power 
whose  root  is  to  be  extractcMl  is  a  decimal  fraction  less  than  unity,  prefix  to 
the  index  of  its  logarithm  a  figure  less  by  one  than  the  Index  of  the  power,* 
and  divide  the  whole  by  the  iodex  of  the  power,  the  quotient  will  be  the  loga- 
rtthm  of  the  root  sought.  •  , 

EXAMPLK  I. 


Wliat  is  the  square  root  of  3i4  7 

ai4l0g.  2)2.51055] 

Answer  18h«.  1.25527 

EXAMPLE  III. 
Beqaired  the  square  root  of  40,%  7 

40,%  log.     •  2)1.61236 

A4 


EXAMPLE  n. 
Required  the  cube  root  of  2197  ?  . 

f  W  log.  3)3.34183 

jlasirerlS  kg.  1.11)94 

EXAMPLE  IV. 
Bequired  the  cube  root  of  0,015625  7 

0,015625  log.  8.19382 
Ftelli  2  to  the  ladei    .       3)28. 19.^92 

0|2«  kg.  9.^794 


lag^  0.80618 

TO  WORK  THE  RULE  OF  THREE  BY  LOGARITHMS. 

When  three  pumbera  are  given  to  find  a  fourth  prdportlonal  in  arithmetic* 

we  make  a  statement  and  say,  as  the  first  number  is  to  thr  srrond  so  is  the. 
third  to  the  fourth;  and  by  multiplyint;  thr  second  and  third  together,  and 
dividing  the  product  by  the  first,  we  obtaiii  the  fuurlii  number  sought.  To 
obtain  thetame  result  by  logaritihma,  we  must  add  f&e  hgarUk/M  of  me  memut 
and  third  numien  together,  and  from  the  sum  suhtmU  the  logarithm  of  Ontftnt 
mmbtr^  tkt  remaimier  will  be  iht  toganUuu  of  tkt  mught  fourth  numoer.  -  . 

KXAMPLE  L  EXAMPLE  11 

if  6  yards  of  cloth  cost  5  dollars,  what    If  a  ship  saib  20  miks  in  7  hours,  lio^r 


wffl  20  yards  cost  7 

As6 


Is  (o  5                  ^  log.  0.(m97 

8o  is  20       '*       '  1<^.  1.30103 

Sum  of  2d.  aud  30.  2.U00UU 

SiMiact  fifst  0.77815 

To  16.67  log.  1.2218; 

The  ansucr  therefore  l6  dollars  and 

67-lOOthp  or  16  dollars  and  ()7  n  utfi. 


maeh  will  die  sail  la  81  hotws  at  the  seme 
log.  0.77815  rale  7 


Ah  7 

Is  to  20 
So  is  21 

Sum  of  2cL  and  3d. 
Subtract  the  flcst 

To  60  •* 

.  The  answer  b 


lo?; 


log.  iTsoiui 
log.  1.3^22 

£M323 

I'.-  l"778V.i 
60  miie«. 


*  In  ihtK  m\r  i| 
tbc  rule  \m£e  9a 


Ibtt  10  wu  bo^rowcA  in  flndio;  tbe  index  of  the  dedoMraccOrdtaf  -At 


1 
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'tTo  calculate  COMPOUND  INTEREST  In/  Logarithms. 

1*6*100  dollars  a(M  its  intcroRt  for  ohp  year  ;  find  tlir  lo'^arithm  of  thi">  sum 
«nd  rci»'<*t  -  "1  index,  then  multiply  it  hy  the  immlMT  of  y«'ars  and  part-; 
of  a  yeur,  for  wliidi  tile  intercsl  is  to  be  calculatcti ;  to  tht-  product  add  the 
lopiiitta  of  ilie  sum  put  at  intenst ;  tbo  min^of  thete  two  logiArithmt  wUl 
Ve  the  tegaritfam  of  the  emowt  of  the  given  silm  for  the  given  time. 

•  EXAMPLE. 

IiMiib>ed  the  amount  air  thefriAcip^l  and  interest  of  995  doUanit  let  at  8 
pa*  ecot.  compound  interest  for  7  years  ? 

Aidiag  6  to  100  gives  106,  whoso  loganUun,  lejectiag  %  in  the  index,  is  0.02^1 

Multiplied  by  7 

Produot  0.17717 
Principal  3a5  doUsrs         log.  'i.:*iA3ri:\ 

Sub  gifts  the  log.  of  533,33  kg.  S.Te7iH 

tWrstee  the  iMUift  of  prindpsl  and  {ntorest  k  8SS  Men  wd  83  eeats. 

To  fini  As  iMU^tim-mnt^  IVncenl,  or  Seomti  corrMpotitBMr  fo  oav  awafter 
0/  ile^Ret  WAf&mfct,  %  TMt  XXVII. 

The  given  nnihbep  df  degrees  must  be  found  at  the  bottom  of  the  page 

when  between  45°  and  135^,  otherw  ise  at  the  top,  the  minutes  being  found 
in  the  column  marked  M,  which  stands  on  the  sidi-  of  the  pajje  on  which  tlie 
degrees  are  marked ;  thus,  if  the  degrees  are  less  than  4^,  tlie  minutes  are  u> 
be  found  ia  the  left  hand  cohimn,  ke.  and  it  must  be  noted  that  if  tlie  degrees 
are  found  at  the  top,  the  names  of  hour,  sine,  co-sine,  taugcnt,  kc.  must  also 
be  found  at  the  top ;  and  if  the  deforces  are  foiuid  at  the  bottom,  the  nanien 
sine,  co-sine,  kc.  must  also  be  found  ut  tlie  bottom.  Then  opposite  to  the- 
number  of  the  minutes  will  be  found  the  log-sine,  log-sccani,  ^c.  iu  iheVo- 
iumn  jnarhed  dne,  seeant*  St^.  respectively. 


BXAMPLft  I. 
KSfihcd.tiio  kg.  dae  of  t9>  37't 
find  UP  at'  tbe  to|»  of  llie'  page,  dh>ect) j 


KXAIKLE  II. 
Required  tkelo^ioeanC  of  19(P  SO' ?  • 

Flnd'lSfiP  at  the  bottom  of  the  paj2:e,  di- 


below  which,  in  tlic  left  hand  cohiinii,  find  rcrtly.  above  which,  in  the  left  hand  colatnn,  , 
37';  against  which  in  the  columt)  mnrkc(l|ftnd  20' ;  aprain^t  %vhicb,  in  the  column  oiafk- 
sine  is  the  log.  #ine  of  ibc  i^ivcned  secant,  is  10.2*273li  required, 

aunber  of  degrees ;  and  in  the  aame  man-  ; 
ner  the  tangents,  kc.  arc  found. 

3^  Jmd  tilt  I^ogofillm-^mti  Co-sinf,*^T.  for  Degm$t  Mmulet,  and  Secmtds^ 

bj/  Table  XXVII. 

Find  the  nunihers  corn  sj)ondinp;  to  the  even  mimilrs  next  .•ibo\»'  and  bHow 
the  given  degrees  and  minutes,  <ind  take  their  ditl'erence ;  tlien  say ,  as  6Q"  is 
to  the  number  of  lecondi  in  the  proposed  niunlMr,  so  k  that  difference  to  a 
coRecthm  to  lie  applied  to  the  number  correnponding  to  tke  least  number  of 
degrees  and  minutes ;  additive  if  it  k  the.leasi/>f  the  two  numbers  taken  from 
the  tabio,  oUierwise  subtractive. 

EXAMPLE  I.      *  I  EKAMPLR  II. 

Required  the  log.  sine  of  24-  l6'  48"  ?  Ecquirod  the  log.  secant  of  105-  20'  1 6"  » 
Sine  of  24"^  16'  9.6l383^e<aat  of  105.80  kg.  .  lU.577bB 

Sine  Of  84   17  '    e.Gl  Ul  106.81  10.67788 


DiC  89  DMT.  46 


Then,  ai  60"  :  48"  ■..'29  :  2:?,  whic  h,  added; 


Then  ns  fiO"  :  Ifi"::  46  :  12,  which,  snbtracted 


to  the  nojnber  corrraponding  to  24~*  l^Jfrom  the  number  corresponding  to  106  '  SW, 
gi¥e»  9.6l405lhek«.  sine  qf  94f>  16'  48*.     Igivcs  10.57756,  the  log.  -we.  of  lOffOSO'  16^. 

If  the  given  seconds  he  1,  4,  \,  or  or  any  otiier  evea  parts  of  a  mi- 
nute, the  Ok^  paMa  may  be  tal^en  of  mt  difference  of  the  io|arithm8,  and 
added  or  subtracted  as  above,  whidi  mgr  be  frequently  done  by  inspection. 
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•  •  • 

To  find  llu  DegreeSt  Minutes,  and  Secomh,  corrfspoudiiif^  lo  cuuLgtctM  Loga- 
Htkm-tinf,  Cosine,  ifc.  by  Table  XXVU.  ^ 

Find  tlie  two  nearest  numbt'.rs  to  the  given  lopuitliin-sin*',  co-sints  fcce. 
io  the  colnmii  marked  tine,  co-sJne,  Sic*  respectively,  one  beint;  i^roater  aiid 
the  other  loss,  and  U*ke  their -diflference;  takt  al^j  the  difference  between  the 
}riv«'n  lo^rrjritlim  and  th«*  !oj;arithm  rorrc'^imndin;:  t(»  number  of  Hf- 

j^rees  and  minutes:  tlien  say,  as  the  first  found  difl't  n-nce  is  lo  the  second 
found  difference,  so  is  60"  to  a  number  of  seconds  to  be  annexed  to  the 
smaUett  pumber  of  degrees  and  miAu|^  befiM«  found. 

EXAMPLE  L 

r\ni\  thn  degrees,  ninntssi       seconds  (less  ihsn  VP)  corresponding  to  the  log.  sine 

Nexl  less  log.       16'  9.61382    Log.  ofleast  numb.  24-  16  13     9.61 38t 

Gnater        S4  17  *  '  9.61411    Given  log.  -    '  %€t405 

89  ~  '23 

Then  ray,  as  99 :  8S  ::  60" ;  48"  which  annexed  to       16'  gife  %4P't^'  4d"  answering 

to  log.  sine  9.6140-..  Suhtrartin;;  24<>  li'^f^  ftom'  iBfP^  thewreBUOns  155°  48^  IS' , 
the  logrfksioe  of  which  is  also  9.61405. 

*  EXAMPLE  II.  ' 
riii.l  Ui«'  degrees,  miiuitcs,  and  seconds  (al>o\c      )  corresponding  to  the  log.  secant 
10.66703. 

Secant  lo:,   4:?'  log.  10. -,f,7-2-2    Loi:.  of  the  ksst  ROBth.  105^  43'  10.56724 

Secant  IQb  44  lU.5b677    Oiveu  log.  '  10.56703 

45  19 

Thon  as  45  Is  to  19,  so  is  60"  to  25",  which  annexed  tO  105<^  43',  givca  105^  43'  25 
the  degrees,  minutc.<i,  and  seconds  required.  , 

^        To  find  the  Arithmetical  Compkimnt  of  ang  TjOf^itkm. 

The  arithmetical  complement  of  any  logarithm,  is  what  it  wants  of  10,00000 
and  is  Jised  to  nvoid  suhtraction.  For  when  working  any  proj)ortion  hy  l<»- 
carithms,  you  may  add  the  aritlimetical  complement  of  Uie  logarithm  o(  the 
nrst  term,  faiBtead  of  subtracting  the  logarithm  HielC^ .observ  ing  to  neglect  10 
in  the  index  of  the  sum  of  the  logarithms.  The  arithmetical  complement  of 
any  log-irithm  js  thus  found: — Begin  at  the  indt  v.  .md  icritt  doicn  what  each 
Jigure  watU*  ofd,  except  the  lust  significant  Ji^urt,  which  take  from  10*. 

EXAAIPLE.  ■ 

. 

Required  the  arithmetiral  complement  of  9.62595?  * 

For  the  first  figure  9,  write  0;  for  ti,  .1;  for£,  7;  for  5,  4;  for  9,  0;  and 
foi  th«'  last  fiu'ure  '.),  write  i>;.thus  the  arithmetical  cimiplement  is  0,fi7  \o:>. 

In  Uie  same  manner  the  arithmetical  complement  of  1.86569  is  ii. 154^7, 
the  ar.  CO.  of  I0.S91SS  is  9.60867«  and  Ae  sr.  co.  of  is  T*o 

illustrate  the  method  of  using  thearithiTu  tical  complement  of  aiqr  logarithm, 
1  shall  here  calculate  the  examples  as  given  in  page  39. 

EX  A  MPLE  I.  EXAMPLE  n.  . 

As  7  log.  ar.  co.  *  9.15490 


As  6  log.  ar.  co.  9.22185 

Is  to  6         log.  .  0.69897 


So  is  90       log.  1.301038018  91       log.  >  .  1. 


io  16,67       log.  •  1.22185 


Is  to  20        log.  1.30103 


To  60  log.  1.7731S 


•  When  the  faidci  of  th*  givra  lonrithm  i,  rmler  UuulULw  ia  toBw  mf  Uw  Bumbtci  «r  Tkble 
XXVII.  the  left  hMd  flgoiiartt  iMiM  he  neelacMd;  and  wfttalNM  an  my  d  UMrfgheWMl 
ofUielMttifnUlcuiilkriirc,  you  1M7  piKS  tti  mom  assUwror  doNn  lo  Ike  riclit  ImwI  of  «e  Other 
fsares  of  the  aridunctkel  conpleuient. 
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PIpAjNE  TIUGUAOMETRY. 

FLA^^C  TOIGOXoSlETRY  is  tHescronce  which  shows  how  to  find  tins 
tin'asures  of  the  sidns  .uid  an;;l«>s  of  plane  triauRh's,  sonic  of  thrm  hfinj^ 
alreaiiy  known.  It  is.dividbed  iuim  twu  parts,  ri^it-aiigled  and  ohliquc-angii'd : 
in  Uie  fiMmer  ease,  one  of  tiie  angles  in  a  right  angle  or  90"^;  in  the  latter 
the^  are  all  obliqae. 

In  every  plane  triangle  there  are  six  parts,  viz.  throe  sides  and  three  an- 
jrlf's;  any  Hiree  of  whirh  being  p^iven  (e\r»'pt  th«'  tliree  angles)  tlie  oilier, 
three  may  be  found  by  various  methods,  mz.  by  iiunter'ii  Scale,  by  the  slid- 
f  ric  nile,  by  the  Mctflr,  by  geoinetrieal  eoniCnictioD,  or  if  aritlunetieal  cal« 
culatioii.  Wo  slmn  ex^laui  each  of  these  methods  ;*  hut  the  latter  is  by  Ikr 
fhe  most  acrtirate:  it  is  performed  by  the  help  of  a  few  tl)»'orems.  and  a 
trigonometricid  canon,  exiiilHiiiis:  the  natund  or  th«"  loKuritluiiie  sines,  tan- 
gents, and  secaiits,  to  eFerv  degree  and  minute  of  liie  quadrant.f  Tiie 
tbeoreais  albided  to  are  thft  follofrbg : 

THEOllEM  1. 

tn  anjfright  aflghd  ttkmgle,  if  Ifl*-  h  i/ptttenuse,  be  made  radius;  om  nidr  irill 
hr  th>  ninr  of  th>-  nppositf  nne^h  ,  nmi  tht  othrr  its  ro-!t}nf> ;  but  if  either  of  tin  /'if.? 
//'  madt  radiuSf  the  othtr  Itg  will  bt  the  tar.^tnl  of  tht  ofpo^U  ongUf  and  the 
h  i/jfoUtnue  wiB  he  f Jb  mmt     Hkt  $fmt  angle. 


I 


1st   If  ki  tlie  right-angled  plane  triangle  ACB       1)      nud^e  tlie  Iiyp4t* 

tenuse  AB  radiiif,  and  upon  the  centre  A  describe  the  an-li  BE,  to  meiM  AC 
produced  in  T  :  ihen  it  is  evident  "that  BC  is  the  sine  of  the  arrli  BE  (or  iIh- 
6ine  of  the  angle  BAC)  and  that  AC  is  the  co-shie  of  the  same  an^le:  and  li* 
tke  ar«h  AD'be  deflcribedvbeuC  the  centre  B,  AC  wHI  be  the  nne  of  thi" 
angle  ABC*  and  BC  its  co-sine. 

2dly.  •  If  tlu-  lep;  AC  (fig;.  2)  he  mado  radius,  and  the  arch  CD  be  desrrlhrd 
about  the  centre  A  ;  CB  w  ill  he  the  tangent  of  that  arebi  OF  the  tangent  of  the 
angle  CAB;  and  AB  will  be  its  secant. 

Sdly.  If  the  leg  BC  (fig.  3.)  be  made  ndliBt  and  the  arch  CD  be  deaeribed 
about  the  centre  B:  CA  will  be  the  tangent  of  that  arch*  or  the  tangent  of 
the  angle  B;  and  AB  will  he  its  secant. 

Now  it  has  been  already  demonstrated  (in  art,  55.  (kom.J  that  the  sine, 
tang.  sec.  he.  of  any  arch  in  ortc  circle,  is  to  the  sine,  tang,  sec  SuJ.  of  a  auni* 
lar  arch  in  another  drcle  as  lhe*ra^s  of  the  former  circle  to  the  radhii  of 
-the  latter.  And  since  in  any  right-angled  triangle  there  ate  given  cither  two 
aides,  or  the  angles  and  one  side,  to  find  the  rest;  we  may,  if  we  wish  to  find 

•  H  trIU  not  be  wceuvv  to  add  any  further  (i«wrl|Nian  of  ihriitr  t  the  w  rfororiluHngmk,  r,,r  ubnt 
«|      gjpid^jjtTy  2^  fatgjjkiem     taf  «ai^lal«rably  weU  versed  in  the  vie  of  Guntei  •  fccale. 
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a  side,  make  any  side  radius ;  then  say,  as  the  tabidar  iranlber  of  the  sane 

name  as  th«'  pivon  Mv  h  to  the  given  side  of  the  trian^e,  so  is  the  tabular 
ijiiinluT  of  tlie  same  name  as  tlie  required  side,  to  the  re<jiiired'  side  of  the 
trianKile.  If  we  wish  to  find  aii  angle,  one  of  tlie  given  aides  must  be  made 
ndius ;  I  !i.  I)  say,  ^  the  side  of  the  triangle  made  radius,  is  to  the  tabular  ra- 
tlins, so  is  the  other  given  side  to  the  tabular  sine,  tangent,' secant,  be.  by  It 
i  .  |in*srntrd:  which  heinp  sou«-ht  fur  in  lh«'  tahle  of  sines,  lLC..willc«mspOlld 
to  the  dej^reca  and  minutes  of  the  required  angle. 

TUt^RiiM  II. 

Jn  all  ^one  trians^lea,  the  si4ei  arm  direet  prMortion  to  the  situs  of  thdr  op- 

i>o«tle  OHir'et  (by  art.      Geom.)   '  ' 

Hence,  to  find  a^ide,  we  must  say,  as  tlie  sine  of  an  angle  is  to  its  opposite 
side,  so  is  the  sine  or  either  of  llie  othi  r  anj;l«  s  to  tlie  side  opposite  thereto. 
But  if  we  wish  to  find  an  angle,  we  must  say,  as  any  given  side  is  to  the  sine  of 
its  opposite  angie,  so  is  either  of  the  other  sides  to  'the  sliie  of  its  opposite  angle. 


THEOREM  III. 

Ineverif  plavf  tnntvj;!^  ,  it  will  hr,  as  the  sum  of  any  two  sides  is  to  their  dif- 
ference^ sn  is  thf  tan^iiit  of  half  ihe  sum  of  the  two  fifposiUimgies  to  tiui-tangetU 
of  half  their  dijerence  {by  an. Gt:onu) 

THEOREM  IV. 

As  tike  base  of  any  plane  triangle  is  to  the  sum  of  the  ttso-sUeSf  9o  is  Hie  dif- 

ferencf  of  thr  two  sides  to  twice  the  distance  of  a  perpendicular  (kit  fall  xtj/on  the 
base  from  the  opposite  angle)  from  the  middle  of  the  ^ose  (by  ait.  60,  Qeom.) 

THEOREM  V. 

In  any  pkme  triangle,  as  the  rectangle  contained  by  any  tico  sides  including 
a  sougfit  angle,  is  to  the  rectangle  cotUaifud  by  the  half  sum  oftht^sUes  and  WS 

half  Slim  (IfcnasKl  hi/  the  ntliT  side,  so  is  the  square  of  rudms  to  the  9m$are  of 

the  co-siiKpf  half  the  sought  angle  (hy  art.  Gl,  Geom.) 

{In  addiUoo  to  these  tbeuremv  it  will  not  be  am»%  for  Uie  learner  to  recall  to  miud  the  followliie  arti- 
cJes,  must  of  wbich  luive  been  n  I  ready  dcfnoiutmted.]  ^* 

1.    In  every  trlan^Hc,  the  greatest  side  is  opposite  to  the  greatest  aiMle ; 
and  tile  great«'st  anglr  opposite  to  tiie  greatest  side. 
t.   In  every  triangle  equal  sides  suVtend  equal  angles,   (Art.  39,  Geom.  J 
S.   The  three  angles  of  any  plane  triangle  are  eqnal  to  180O.   (Art.  39, 

Ceom.) 

4.  If  one  an^cle  of  a  triangle  be  ohtuse,  the  rest  are  acute;  and  if  one  angle 
be  right,  the  otlior  two  together  malie  a  right  angle,  or  900^  Uierefore  if 
one  of  the  acute  angles  of  a  right-angled  triangle  befaiown,  the  other  is  found 
.by  siilitiartmg  thr  known  angle  from  90O.  ff  one  angle  of  any  triangle  be 
know  n,  the  sum  of  tin-  other  two  is  found  hy  subtracting  the  given  angle  from 
lUoO;  and  if  two  of  the  angles  be  known,  the  third  is  found  by  ^ubtractinc 
th^r  sum  from  180©.'  •  • 

5.  The  complement  of  an  aqgle  is  what  it  wants  of  90O;  add  the  supple- 
ment of  an  angle  is  what  it  wants  of  180^.  . 
AIN. 

In  the  two  following  tables  w»'  have  collected  all 
the  rules  Beeessary  for  solvhig  the  various  cases  of 
Right-AngTed  and  ObUqoenAogied'Tir^nometry. 

RIGHT-ANGJLEP  TRieONOMETKY. 


01VM« 

8oa{;hu 

SoluUonc  ^ 

t 

llyi>.  AC. 
Angles. 

Lev  HO. 
Ug  AB. 

Had.    :    hyp.  AC.    :    :    glne  A.    :    lef  Ba 
lUd.    :    hyp.  AC.    :    ;   «lne  C.    :    Ir?  AD. 

Sfct 

Leg  AD. 

i|nt.  AC 

R«d.    :    leg  BO.   :    :    tang.  C.  :    U-g  AH. 
JRhiI.       legBC.-:   t   «ec.  C.  :   hyp.  AC. 
\  Or  Sine  A   :    leg   BO.   :       rnd.  :  bjrp.  AO. 

Hyp.  AC. 
Ufr  AB. 

Angle*. 

Lee  nr. 

lly]}.  AC.  :  rsd.  :   i  leg  aA  i  dM  C.  wSom  eomp.  it  A. 

Uad    ;   bvp.  AC.   :   :    sine  A.  :    leg.  BO. 

S 

Uotti  legs. 

Angle*. 
Hjpb  AC. 

DC.  :  r.td.       :   legAU.  :  tug.  C.  wbosecaflUk,isA. 
CSine  C.  :  If-  AH.   i   ;   rmi.  :   hyp.  AC. 
J^Orrad.  :  leg  BO.  :  t  aee.0.  :  hrp.AO. 
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fttMlk^      1                   1  SolMlOM. 

The  anrtetaiKl 
kide  AU. 

Sl-lc  l!C. 

StM  C    :    tideAB   J  :          A       -kI  ■  Bf. 
Sine  O  ^  aide  43  :  :  tiue  U   :^de  AL'. 

Two  aldca  A  B, 
BC,  and  mag\e 
0  epMMite  to 
OM  of  iImmii- 

Angle  A. 
Angls  B. 
Shft  AG.- 

Side  AB  ;    rinr  C             tkleBC     lint  A,  wkkb  sMiA  10 
C,  aad  the  mud  Mbcnctcd  from  ttOO  fives B. 
mm  0  t  «Ut  AB  t  >  iM*  s  Ma  AO. 

* 

Two  »idM  A  C, 
AB  ud  Uw  io- 
rimbitilPiA 

Angles  C 
amiB. 

• 

Subtract  half  the  given  anplc  A  from  9tK)^  the  reminder  U  haif 
the  lum  of  the  other  angles.  Then  my,  a«  nr  «.uin  of  the  fide*  AO. 
AU  is  to  their  diflVrmce,  s-o  \%  the  tangent  jl  ihc  half  sum  of  the 
other  angles  to  the  lanpent  of  half  their  difference  ,  which  added 
to  and  subtracted  from  ihc  half  luin,  will  ei*e  the  two  asftet  B  and 
U  the  prratett  angle  being  opposite  to  the  i;r«»te«l  M» 

8iac  B   :  ikte  AG    :  :   tine  A   :   *i<k>  HC. 

6 

AO  lh«  ao- 

Ln  Ml  %  pcmodiottlar  BT)  oppoMte  to  the  required  an^'lr  ;  llten 
t»  AO '  AMD  of  ABTbO  :  :  liielr  diOVrencc  ;  twico  DO,  the  distaoc* 
ortbe  'perpoiidkalw  tnm  tiM  ariMk  of  tW  bM »  Imm^AD.  CI) 
are  knownVand  ftie  irfHgto  ABO  it  difkM  Into  two  rMfeanrled 

trianple-^  BCD.  BAT)   then  by  catM 4  UHl  S  of  rlKM«aplB  tr|fO* 

nouK-try,  we  in^v  fii»d  the  aoglo  A  or  0. 

• 

• 

Btthvaiele 

mA. 

• 

KUlwr  iif  t»i«'  aiij'.  .,  as  A.  n.^v  also  l>e  found  l>y  th«  following 
ruh".    From  liaii  tl.  ■  »'um  of  ihr  three  sidrssuMrnri  tli«'  litlf  D'' 
'}»»it«"  ti»  the  MmRhl           ;  laK**  th«-  logaritiiii*  ni  ti  c  lialf  sum  nuii, 
jmiiAindf>r,  to  wllirta«<itl  thr  :iritbiiic'n;.'kl  i  oki|i1«-iii«-iiIs  of  tlif  li--,*- 
\fitbui<'  «f  the  sides  AB,  AC  Oocludiiif  the  aougbt  angle  ;)  baif  ibrj 
kom  uf  these  four  togwitboM  wVk  bo  fm  Upiwmitt  BO  WM  of  hm 
(the  toofrbt  anil*'  1 

In  workiog  by  logarithms  with  any  of  tlie  preceding  rules,  you  ranrt  remetilier,  that  thr  lo(:>ir,t>,m 
•f  tkt  Jirti  Itrm.  •/  |A<  m^Loff  <•«•  fc«  ««tA<rofltd /row  lAr  iim»  /•f«ril*jaj  •»/  lA«  .tcontl  ond 

tn3M,  tiU  rmmiMfer  tm//  k  tit  ItffurjOM  nf  (Ac  «t«gA</oiir<A  teroi.  ... 

WlM  tho  im  lorm  to  ndlw  (whMt  togferfUiin It  1U,00000)  yoa  need  only  rrject  an  unit  in  the  second 
ItA  toll  flgiuB  uf  Ihu  laJCl  if  ihn  turn  oT  Ihi  tf  cood  — il  iMnI  irrn  t    But  when  the  radius  occurs  in 
the  second  uriblRl  tana,  ywi  must  tappot«  ab  unit  to  bo  added  to  iteMOoad  Ml  hud  flptfoof  tho  in- 
vi  ^  other  lcnii,«Bd  tohtntct  therefrom  the  lofasillia  oTlko  r 


RIGHT-ANGLED  TRIGONOMETRY. 

fiMufm  uSthtikt  t/mi  tii  Hght-angUd 
CASE  I. 

Tkt  l»giu  and  hypoUmm  given,  to  Jind  the 

*  Given  the  bjrpotenuse  AC  250  leagiu>s,  and 
the  angle  C  opposite  to  the  side  AB=h:»^^80' 
to  find  the  base  CB  and  per^iendiculAr  AB« 

BY  PROJECTION. 
Draw  the  base  CB  of  any  length ;  with  an 
extent  eaual  to  tlie  chord  of  60*^  and  on  C  as  a0 
centre,  aescribe  the  ereh  dS;  from  E  to  D 
ky  off  350     taken  from  the  line  of  chords,* 

through  C  and  D  draw  the  line  AC,  which  make  equal  to  2i>0;  from  A  let 
fall  tlie  perpendicular  AB>  tO  cut  CB  in  B,  and  i(  is  done;  for  CB  will  be 
20d.0«  and  AB= 145.2. 


ihautagltiara   - 


firooi  the  ttae  of 

tOllM 


liwradlM  wad  for 
m>t  Iht  aktat.  of 


RlGliT-AxXGLED  TRIGONO.MKTK V 


BY  LOGARITHMS. 
By  making  the  hypotenme  OA  radiu^  it  w)tl  be, 


ToDodtiMsbaMBC. 

\!.  rn.lius  10.00000 
la  to  the  bypot.  AC  850 

So  is  the  aue  uig.  A  54930'  9.91069 


To  the  baae  BC  203,5  «.  3f>8f  3 


To  and  the  perpewUfcuiar  AQ. 


As  ratlius 
2.3979  ij  Is  10  the  hypot.  AC  250 

So  Js  sine  aiig..C  35^^  30^ 

To  the  por.  AB  145.2 


lO.(M)(MM> 
2.39744 
9.7«395 

2.l6aS9 


BY  GUNTKR'S  SCALR. 

In  all  proportions  wrought  by  Gunter's  Scale,  whr.ii  the  first  and  second 
tehns  are  of  the  same  kind,  the  extdbt  from  the  first  term  to  the  ^eeond,  will 
reach  from  tlic  third  A  the  fourth.  ,   '  '      .  • 

Or  uiuMi  the  first  and  third  terms  are  of  fho  same  kmd. 

The  extent  from  the  firsl  term  to  the  third  will  reach  from  the  second  fb 
the  fourth;  Uiat  is,  set  one  point  of  the  compasses  on  the  division  exuressio^ 
the  first  term,  and  extend  the  other  point  to  the  diTieion  expressing  the  thfrS 
term ;  then^  witiltut  altering  the  opening  of  the  eo^Sspasses,  set  one  point  on 
the  division  representing  the  st  cond  term,  and  the  Other  point  will  isUon  the 
division  showitij;  the  fourth  term  or  answer. 

In  tlie  present  example  the  work  will  be  as  follows;  , 

Extend  firom  radius  or  90^,  to  MP  Won  the  line  of  sines;  that  extent  will 
reach  from  £50,  the  hypotenuse,  to  203.5,  the  base  on  the  line  of  numbers  ; 
:u>fl  the  extent  from  radiim.  or  1)0'^,  to  30*^  30' on  the  iineof  sineSfWiU  reac^h 
from  1250  to  145.2  od  the  Iineof  numbers. 

Ohserve  tlie  like  in  ail  that  foUoWa,  except  in  tliose  proportions  where  the 
word  seeant  is  mentioned,  which  cases  must  be  wrought  by  considering  the 
hypotenuse  radius,*  there  being  nt>  line  of  secants  on  the  isommon  Ounter's 
Scale,  alllionj^h  it  might  eaf*ily  he  marked  on  the  line  6f  sines. 

/fote.   The  nidiiis,  accunliofr  tu  ihe  nalurcof  Uie proportion,  nwy  b<?  citlw  of  ihe  (VIloufqgqnMKilJe*. 
8  pointfl  on  the  line  of  rhumbs.  ]      90'^  on  the  line  of  sines. 

4  powts  on  the  line  of  tan-rhanii.*     |      4S9  on  Upline  nf.tsnfeatfl. 

GASES  n.  aud  III.  •  * 

The  trngUsand  one  Up;  ^iven,  to  Jmi  thth^-  ^ 

pot  en  use.  and  otkrr  Ifg. 

The  angle  ACB?*^'^  15',  the  leg  BC  325 
miles,  given,  to  fin«i  the  hypotenuse  and  the 
other  leg.  *  * 

BY  PROJECTION. 

Draw  the  line  BC,  which  make  e«|nnl  f  o  '  * 
825  miles;  on  B  erect  the  j)en)entlicular 
B  A ;  on  C,  as  a  centre,  with  the  chord  of  60° 
sweep  the  ardi  BD,  which  make  eqOal  to 
fifP  15';  draw  CD,  and  continue  it  to  cut 
AB  in  A,  and  it  is  done;  for  \B  being 
measured  on  the  same  senile  that  BC  was, 
will  be  £13.1,  and  AC  338.6  miles. 

BT  LOGARITHMS. 
By  makmg  the  base  BC  radiun,  it  will  be, 


To  find  the  perpsadiealar  AB 

As  radius  45^  10.00000 
Is  to  the  base  BC  325  2.51  Ibti 


8o  is  tang 


engi  C  33^15' 
T\  the  peipea.  AB  213.1 


•2.32854 


To  ftnd-the  hypotsaais  AC. 


\s  radius  90 
Is  to  the  base  BC  325 


9.81666  So  Is  see. 


C33P15' 


lo  the  liypoi.  AC  388^ 


lO.OOOOO 
S.5118S 
10.077165 

S.6d95^ 


BY  GI  NTKH. 

Extend  from  46^  to  83^  15'  on  the  line  of  tangents;  thateaitent  will  reach 
from  the  base  fif  5  to  the  perpendicular  £18,1  on  tba  line  of  numbers. 

t^y.  Extend  from  56°  l5'to  radius  on  the  line  of  sines;  that  extent  will 
reach  fipom  the  base  8it5  to  the  hypotenuse  388,6  on  the  line  of  numbers. 

*  Orby  uini;  ia  tbe  analiHTv  radius  t CM.  MfleiMtMatCMeiuifwf let  Uarfius  Mid iMllttst  sine 
initead  ot  co-ieciint  angle  I  Ktriiai. 
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CASES  IV.  AND  V. 

Thi  h  i/potrtms^  ami  one  leg  ^irwi, 
find  thf  anifhs  <mi{  other  If g. 

Tiie  AB  91,  the  hypoteniwc  AC 
170,  kiven,  to  ilod  the  angle  ACB,  or 
BAC,  and  the  leg  BC 

BY  FROJKCTIO.V. 

Draw  BC  at  pleasure;  otj  B  f-rcrt 
tlie  perpendicular  BA,  wliich  make 
ci|iM]to  91;  take  170  in  jrbiir  <lom- 
paases,  and  with  on»*  foot  on  A,  de- 
scribe an  arch  to  rut  BC  in  C;  join  A  iB  CT 
and  C,  and  it  is  done;  for  the  angle  C  will  be  12',  th^  angle  A  dli', 
and  BC  143,6. 

BT  LOGARITHMS. 
Bjrtnakiiig  the  hypotfouae  radius  it  will  be* 
ToADdtheangltC.  I  To  iad  the  baiD  BC.* 

As  the  hypotenuie  170  2.230 15[  \s  radius 

l»  to  ndius  10.00000  Is  to  tbc  hjpotenuac  170 


*Bo  b  the  praptadknlar  91 

To  Bine  angle  C  32  22' 


t.99904 


9.72854 


9o  U  ttDtt  ai^.  A  67^  38^ 

To  the  baJH!  BC  143,6 


10.00000 
t.S9045 
9.9t667 


2.162lt 


BY  G'LXTKR. 

Bziendfrom  the  hypotenuse  170  to  the  perpendic|ilar  91  on  the  liie  of 
ejumbera;  that  extent  win  reach  horn  radios  to  the  angle  C,  or  the  comple- 
ment of  angle  A=3a<^  12'  on  the  Une  of  sin«ie. 

2diy.  Extend  from  radius  to  the  angle  A  r>7^  sr/  on  the  line  of  sines;  thit^ 
rxtcnt  will  reach  from  the  hypotenuse  170  lo  the  base  I4d.6,  on  tiic  line  ul* 
numbers.  • 

CASE  VI.  ^ 

The  kgs  given,  to  Jind  At  mtglf  and  kypotemue* 

The  legs' AB  800,  BC  707,  given,  to  find  the  angle 
BAC  or  ACB«  and  the  hypotenuse  AC. 


\ 


BY  PROJKCTION.  ft 

Make  Rr  =  707,  and  on  B  erect  the  perpencficular 
li  A,  whieh  make  equal  to  890 ;  join  AC,  and  it  is  done ; 
lor  the  angle  C  will  bti  bi'^      -y  consequently  the  angle 

A  98^  its';  and  the  hypotenuse  11S7.  B  i 

BY  LOGARITHMS.- 

By  making  the  baae  radius,  i(  will  he. 

To  and  the  flJigle  C.  To  find  the  bypolcuise  AC.f 

AstbebeM707  9J4942  .\8  radius  10.00000 

10.00000  Is  lo  the  ha^r  707  2  «  |'»  l  > 

9.94939  fSo  is  the  sec.  ang.  C  51^  32  10.20bl7 


k  to  radius 
So  is  the  perpendicular  890 


Tstaa.«iif.Cs5toaif 


3.05559 


10.09997|ro  the  Vgp.  AGsllS7 

BY  GUNTER. 

The  extent  from  707  lo  890  on  the  line  of  numbers  will  reach Mfel  radiuS* 
or  43  degrees,  to  the  angle  C  51°  3£'  on  the  Una  of  tangents. 

ediy.  The  extent  from  the  angle  C  dl^  to  radius,  or  90^,  on  the  line 
of  atnes,  wiB  T«»ch  from  Hie  base  890  to  the  hypotenuse  1197,  on  the  ime  of 
dun^iiers. 


'  WbMjfWtslMthe  k>f.  sinrf,  or  ung««li t» tliciisv<ist  maraie  mdy,  <tli  bM  to  ise  lUs 
for  findini;  DC,  which  b  mor«  correct  tmui  th»  one  fouod  by  luaking  the  perpeadiculsr  rBdJoi ;  btey— ^ 
Uit  vwialioa  of  the Jpf.  jiiUw  of  sn  srcb  it  luts  tb«o  the  conefpomliiif  vartstioD  of  the  log,  UogviM. 
t  Wim  veuawnlHrAOititbttttoiaBkcltttrraiint  sUeAdhia»  tbr  the  rcMRi  amdawtl  bi 
It  IM  note.  » 
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HUESTSONS 
exercm  the  Utn^  t»  Right-AmgUd  Pbme  Trigtmonutry,  ««i 

Quest  I*.  Tke  hypotenuse  496  miles,  aod  ^e  angle  opposite  to  the  iMse 
56^  15',  given,  to  find  the  base  and  perpendicular.  ' 

Ans.    Basf  412.1,  and  the  perpendicular  275.6  miles. 

Quest,  -i.  The  perpendicular  i70  leagues,  and  the  angle  opposite  to  the 
base  06*^       given,  to  And  the  hypotenuse  and  base. 

Ans.  The  hy)K>tenuse  495,  and  base  411.6  leagues. 

Quest.  3.  The  base  SS  yards,  and  the  an^  opposite  to  the  peipendicidar 
03°  26',  given,  t3  find  the  hypotenuse  and  perpendicular. 

Ans*    Hypotenuse  55.30,  and  the  perpendicular  44.49  yards. 

Quest.  4.  The  hypotenuse  575,  und  perpendicular  50  luilcs,  given,  to 
ftnd  the  base.  ' 

Ans.    Base  572.8  miles. 

Quest.       The  bypotenuse  59,  and  the  base  SS  mil^  given,  to  find  tbe 

perpendicular.  • 
Ans.    Perpendicular  48.9  miles. 

Quest.  6.  Tbe  base  99,  and  perpendicular  5ft  leagues  given,  lo  find  the 
hypotenuse.  • 
Ans.  Hypottnuae 01.59 leagues.  ' 


oaLIQUE  TRIGONOBfETRY. 

■ 

CASE  I. 

Two  angUt  and  one  tide  giwh  to  Jind  either  of  tke  leg$. 

Given  the  angle  BACslOO^ 
the  angle  ACB=540  and  the 
leg  ABasftftO  to  find  tbe  sides. 


BT  PROJECTION.  *  • 

Subtract  the  sum  of  the  angles  A  and  C  from  180®,  the  remainder  wiU  be 
the  angle  B=26-.  Draw  the  indefinite  line  BE,  also  the  line  BH,  making  the 
3n-le  ERH  =  eR^  on  BH  set  off  BA  220.  On  A  make  the  angle  BAC  100^  ; 
then  AC  >vill  tntf rsect tlie  iif^e  BE  in  tlic point  C,  which  completes  tiie  trian- 
gle, and  BC  wU  measure  (on  the  same  seale  flrom  which  BA  was  bdd  down) 
se68  nearly,  ani  AC  119. 

BT  LOGARITHMS  by  Theorem  II. 


To  flad  BC. 

As  the  sine  of  the  an^  C  HP  '  9.90796 
Is  to  the  side  Af  2S0  8.34S42 


Soistl^esipeoAiieaoK.  AlOO^   9.99335  So  is  the  awe  ang.  B  96< 


12.33577 
9.907961 


fSa  the  dde  BC  967.8 


9.4S781 


To  find  DC. 

\s  sine  nn^;  C  .M^^ 
Is  to  the  fide  AB  220 


ToaidaACll9.9 


9.90796 

9.^184 

11.98426 
9.90796 

9.07630 


,  BTOCNTBR.  . 

The  extent  from  the  angle  CsrSI^  to  the  angle  A  or  its  supplement  80®  on 
the  sines,  wHl  reach  from  AB=220  to  BC=26H  on  the  line  of  numbers. 

£dly.  The  extent  from  the  angle  C  =  540  to  the  angle  B=26®,  on  the  sines, 
will  reach  from  khz^HiO  to^AC  =  n9  on  the  line  of  numbers. 
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CASES  n.  Alto  Ifl. 
TVo  M»  Antf  <M  MgiB  opjwtte  to  9m  of  tfum  httng  ghat,  to  Jmi  tkt  Alfitr 

Note.  It  may  be 
proper  to  observe, 
that  if  the  giT«n  an* 

gle  be  obtuse,  the 

angle  sought  will  hv  ^  ^ 

acute :  but  when  the  ^^^""x  X4^*' 

l^ven  angle  is  acute  ^^--^  / 

and  oppotlte  to  ^^^<^t\./    ^  '  f  ''    ^/   E 

lesser    given    side,     "  '."  O  •  '^**" 

thtn  it  is  doubtful 

uhether  tlie  required  angle  is  acute  or  obtuse ;  it  ou^t  therefore-  to  be  giveu 
b)r  the  conditions  of  the  problem. 

Example.  Let  there  be  given  the  aide  BC  410,  the  side  AB  640,  aod  tbe 
angle  A  £9|0,  to  find  the  other  aide  AC,  and  the  ai^^  ABC,  BC  A. 

BY  PROJECTION. 

Draw  the  indefinite  linr  FF.,  mnk»-  tlu-  aiij^h-  l)AK  =  'i3i<^,  on  Al)  srt  off 
AB=:640,  then  on  B«  ^iUi  410  in  yuur  cunipaHses  taken  from  Uic  same  scab*, 
deecribe  an  arch  cutting  FE  in  the  points  C  and  O,  jofai  BC,  BG«  and  it  H 
ilone;  for  the  triangle  may  be  either  ACB,  or  AGB,  according  as  th»^^  ringl»j 
C,  or(i,  is  acute  or  obtuse:  if  th.it  angle  hr  acnt«%  tfu-  fri;iris;l«f  will  be  ABC; 
th«*  «ide  AC  will  measure  9(>H,  the  anj;Ie  ACB  will  nuMsun'  38i^\  and  the 
angle  ABC  will  measure  11  b'^  nearly  ;  but  if  the  angle  at  the  base  be  obtil8<!, 
the  triangle  will  he  AGB ;  the  side  AG  wilt  measure  186,  the  angle  AGB 
will  measure  141^^  and  the  angle  ABG 

If  the  side  BC  had  b<'i;n  given  grcatf-r  than  AB,  then' could  have  b«  i-n  only 
one  answer  to  this  problem  ;  for  in  that  case,  the  point  U  would  \\\\\  e  fallen 
OQ^contuiuatlon  of  the  line  CA  towards  F,  hi  which  caie  the  angle  A  of 
tlietrian^e  would  beconn*  ctiual  to  FAB,  instead  of  being  equal  to  Its  supple* 
ment,  as  is  required  by  the  conditions  of  the  problem* 

BY  LOGARITHMS,  by  Theorem  11. 


To  find  the  an^  C  or  G. 
As  the  side  BC  410  «.6l«78 
l9  to  the  Bine  of  anjle  A  «3l<=»  9.60070 
So  is  tiie  side  AB  b40  S.80618 


To  and  AC. 
As  line  angle  C  S8^  "SXf 
\%  to  SSi  640 

So  isaine  angle  ABC  118'' 


To  shie  ang.  C  38  Wor  G  141  9D  9,79410 
An^Aadd    S3. 80        83  30 


Subtract 


62 
180 


0  or 
0 


165  0 
S80  0 


.Vug,  ABC  US    0  ABG  l.i  M 


To  the  tide  AC  907,8 

To  find  AG. 
As  Mne  an^le  G  141  30* 
Is  to  A  B  b40 

So  is  sine  aiij^e  ABO  13^ 


AG  t66.1 


9.79410 
9.94  &9:» 
18.758 11 

a.95801 


9.79410 
8.80618 
9.41300 

18.81918 

9.79410 

8.48508 


To  the 
BY  GUNTHR. 

1^1.    The  extent  from  R( '  =  1 1 0  ti>  AB  =  «  10,  on  thr  liiii'  «»f  ninnl»«  rs, 
r.  ach  from  A  =  :.SA'^,  l<»  ^UP^  on  the  linr  of  ;^ines,  which  is  equal  to  the  augUi<« 
C  ;  its  supplement  141^  30'  beting  equal  t^  the  angle  G. 

idly.  The  extent*from  the  angle  CsdSO  80^  to  et^  (the  supplenent 
of  tbe  angle  ABC,  lia<^  O')  on  the  nines,  will  reach  ftom  ABs840  to  808,  on 
the  lirif  of  numbers;  thrrefore  tin*  .nidi'  AC=:90r. 

Or,  the  extent  from  30'  (the  supulcment  of  the  angle  U)  to  tlic  auK^w 
ABG=ld<>  0*  on  the  sines,  will  reach  hrom  ABs«840  to  t88,  on  tbe  luie  of 
numbers:  hen«eAG=t66. 

II 
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CASES  rV.  AiTD  V. 
JSto  diti  and  thdr  eoniabud  angle  heine^  ^vm,  to  faid  eHiker  of  iht  olfter 

£f/f«  and  the  third  side. 
Given  the  side  A B  110  m.  AC  «0  in.  £ 
aod  angle  BAG  96^  0'  to  find  the  angles 
BCA  «nd  CBA. 

BY  PROJECTION. 
Draw  the  indefinite  right  line  AD,  on 
which  set  off  AB  =  110;  make  the  angle 
EABb96^;  and  on  AE  set  off  ACsSO; 
join  BC,  and  it  u  done ;  for  BC  will  mea- 
sure on  the  former  scale  143,  and  the  an- 
gles B  and  C  will  measure  33°  55'  and  50^ 
5'  respectively  on  the  line  of  chords. 


BY  LOGARITHMS. 


And  the  angles  B  and  C  by  Th.  III. 
A*ram  of  lidM  AC  and  AB  190  2.27875 
!•  to  their  diflareDce  30  1.4771S 
So iitang.  4  wm  oj.  < 'b  |  ^  9.9544^ 


To  tang,  half  difi*. 

Sum  u  angle  C 
DiCisangleB 


11.43156 
S.t7876 


To  tad  the  dde  BC  hj  Theorem  II. 

\s  sine  ang.  B  33^  9.74669 
Is  to  AC  80  *  1.90309 

So  it  sine       A  9SP(f 
84  0 


6'=9.15281 


50  5 
33  55 


To  side  BC  142.6 


9.99761 


11.90070 
9.74fitt 

2.15408 


RV  GUNTKR. 

Ist.  The  extent  from  the  sum  of  the  sides  190  to  their  diffen-iiee  .io  on 
tlie  line  of  numbers,  will  reach  from  the  half  sum  of  the  angles  B  and  C  429 
to  tibdr  half  difference  9f  on  the  line  of  tangents.  The  sum  of  which*  lidf 
sum  and  half  difference  gives  the  angle  C  50^  b'  and  their  difference  the  angle 
B  S3^  55' ;  the  greatest  angle  being  opposite  to  the  greatest  side. 

2dly.  The  extent  from  the  angle  B  33°  55',  to  the  an^le  A  96^  (or  it« 
supplement  84°)  on  the  line  of  sines,  will  reach  from  the  side  AC  80  to  the 
wSa  BC  1^6  on  the  line  of  numbers. 

CASE  VI. 

Tht  lAree  mdu  of  a  pUme  triangle  givm,  Utfind  the  cn^gieff. 

The  sidei  AB  8$,  BC  57,  AC  108  given,  to  find  the  angles  ABC,  BAC,  BCA. 

BY  PROJECTION. 

Draw  the  line  AC,  and  make  it 
eqnalto  108;  take  85  in  your  com- 

passes,  and  with  one  foot  on  the  N?..*^ 
point  A«  describe  an  arch;  then 

take  the  distance  57  in  your  com- 
passes, and  with  one  foot  on  C, 
describe  another  arch  intersecting, 
the  fenner  arch  in  the  point  B; 
join  AB,  CB,  and  it  is  done.  For 
the  angle  A  bi-ing  measured  will 
be  found=3ii'^,  B=970,  andthe 
angle  C=51i<^  nearly. 
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BY  LOGARITHMS,  by  Theorem  IV. 
Suppow  BD  to  be  drawn  poipendicukrto  AC.  and  that  AGssGC. 


of  tha  fides 
IMftoTlhaNdM 

HairbMe  AC 
DO 


Side  AB— '^.1 
Side  BC— 67 

112 

54 
1S.4 


As  thr  base  AC  109 

IstoUiemiiiortbeaktetABand  BG  14S 
8oli«C  orOaridwABiiidBCiS 


S.03S4S 
S.15SS9 
1.41716 

t.<»SS4S 
1.56603 


To  twice  DG  Sfi.S 

Itflhalf=DG  '  18,4 

Stun  u  neater  wem.  AD      7S.4  ' 
DUL  b.teart  aeg.  DC  35.6 

Havine  divided  the  triangle  into  two  rip;ht-anj;lrd  triangles,  the  hypote- 
nuses and  bases  of  which  are  given,  we  may  find  the  angles  by  Theorem  1. 

To  find  tlir  nngle  BCD. 
A»  the  bypotcouM  BC  57 
IttorMUtu  90» 


To  find  the  angle  BAD.  So  it  the 

As  the  hypotenoM  AB  85  1.9S948 

Is  to  radius  9<F  10.00000 

8e  is  the  gnalerasg.  AD  71^4  1.85974 


To  ccsine  BAD=:31°  36' 


(.  DC  SS,6 


To  co^sine  of  BCD=5lo  tl' 
BADsSi  96 


1.75587 
10180000 
1.M145 


9.7955A 


Sum  88  57 
8abCraot  (Wun  180 


Bemsins  angle  ABC  97 
BT  GUNTER. 


3 


1st.  The  extent  from  the  base  AC  =  108,  to  the  sum  of  the  sides  14f,  oti 
the  Bne  of  numbers,  win  reach  from  the  diflSercnce  of  the  rides  to,  to  twice 
DG  88.8  on  tile  same  line  of  numbers. 

•  2dly.  The  extent  from  the  hypotermse  AB  =  R5,  to  the  iprater  segment 
AD  72.4,  on  the  line  of  numbers,  will  reach  on  the  sines  from  the  radius  80^ 
to  58^  24'  which  is  the  complement  of  the  angle  BAD. 

8d]y.  The  extent  from  the  hypotemne  CB  57,  to  the  lesser  sepnent  DC 
S5.6  on  the  line  of  numbers,  will  reach  on  the  sines  from  the  radlUi  to 
38^  39',  which  is  the  complement  of  the  angle  BCA. 

This  case  may  be  solved  without  dividing  the  triangle  mto  two  right-an- 
gled triangles  by  Theorem  V. 

TeflttdthaangleA. 

BC=  57 

AB=  85  log.  CO.  ar. 


AC=108  log.  CO.  I 

Sum  250 
Half  sum         135  tog. 
Hsirsiail0ssBC68  log. 


Hsiring  the  angle  A,  we  SMJ  find  the  angle 
CbyThaomaD. 

As  BC  57  1.75587 
7.9b6js  Is  to  sine  angle  A  31  36'  9.71938 
Sols  AB  86  1.98948 


8.070r)8 


2.09691 
1.88981 


Sub)  19.96658 


Half 


180  48' 
8 


Co.riae  9.98889 


DouMedisSl  36eaiq;leA. 


11.64874. 
1.75187 
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ASTRONOMY  AND'^EO^HAPHY. 

ASTRONOMY  is  the  sripnre  whirh  tn  atH  of  the  motions  and  ^stances 
of  the  heavenly  bodies,  and  (tf  the  a])p«';iraiu-es  thence  arising. 

Geography  is  Uie  sci^ce  wliich  treats  of  tiie  situations  and  4istaace8  of 
Tanous  pafis  of  the  flnrTace  of  the  earth.  •    *t  . 

TIm  conmioii  opinion  of  astronomers  of  the  present,  day  is,  that  the  iini* 
verse  is  composed  of  an  infinite  number  of  s3  stems  or  worlds;  that  in  every 
«ystera  there  are  certain  bodies  moving  in  free  space,  and  revolving  at  differ- 
ent distances  ruuud  a  sun,  placed  in  or  near  the  centre  of  the  system ;  and 
that  theie  sum  and  other  bodies  are  the  stars  which  are  seen  in  the  heavens. 

The  Soi;ae  STSTklif  so  called,  h  that  in  whieh  oor  earth  is  placed,  and  in 
ivhich  the  sun  is  supposed  to  be  fixed  near  ^he  centre,  with  sfvend  bodieSt 
mmilartboiir  earth,  revolxing  round  at  different  distances.  This  hypothesis, 
nrhich.is  fully  confirmed  by  ouservalipn,  is  called  the  Copernican  System, 
vom  Nicholas  Coneraicus,  a  Polish  Philosopher,  who  revived  it  about  the. 
year  1900,  after  it  had  been  buried  in  oblivion  many  ages. 

Stars  are  distinjcuishcd  into  two  kinds,  and  twinrfertrs^.  The  former 
tr,c  supposed  to  he  suns  in  thi-  centres  of  their  systems,  shining  with  their 
own  light,  and  preserving  nearly  the  same  situanon  with  respect  to  each 
other.  They  are  usually  di^tinyijuished  by  their  bri^litne.ss,  tlie  largest  being 
called  of  the  first  magnitude,  and  the  smallest  %  i«Jb'«'  to  the  naked  eye  heinf^ 
of  the  sixth  or  spventli  inagnitud*'.  A  r'o/i?*(//f//((*n  is  a  number  of  stars  Ijinc: 
in  the  neigbourhood  of  one  aaotiier  on  the  surface  o<  a  celestial  sphere,  which 
astronomers,  fbr  the  sake  of  remembering  with  gseater  ease,  suppose  to  be  cir- 
cumscribed by  the  outlines  of  some  animal  or  other  fi^atre.  l%c  wandering 
stars  are  those  lnulies  within  our  "system,  or  criesjial  •^pliere,  whirh  revoh  o 
roimd  tin-  suti  ;  they  r.pjjear  liiniinous  i)j  retli.ctin^^  t'le  liu;ht  ot'  the  sun,  aadare 
of  three  kinds,  naiaciy  ^irimur^  vlantts^  secondurij  i/iamts^  and  comets. 

The  Primanf  PbmeU  are  booles  which  revolve  round  the  sun,  as  the  cetw 
tre  of  tlicircoui^cs  the  motions  being  regularly  pprformed  In  tracks  or  padia^ 
(e-alled  ortjf.'?)  that  are  nearly  circular  and  concpntrir  with  each  other.  A  Se- 
tondary  PUimt,  Sditllift,  or  Mwm,  is  a  body  which,  while  it  is  carried  round 
the  sun,  revolves  also  round  a  primary  planet.  f!omtU  are  a  sort  of  planets 
tnoving  round  the  'sun  in  very  eccentric  orbits,  with 'vast  atmosj^herea  about 
them,  and  tails  derived  from  the  same. 

.  .There  are  eleven  priinary  planets,  ^\hich,  reckoned  in  order  from  the  sun,' 
are  as  follows:  Mercury,  Venus,  the  Karth,  Mars,  Vesta,  Juno,  Pallas,  Cerca« 
Jupiter,  Saturn,  and  Urapus.  ,  "  .   .  ' 

Mercury  and  Venus  are  called  inferior  pkm^^  because  thiei^  4|rbiti  nm 
within  the  earth's ;  the  odiera  are  called  ai^ierior  pkmeitt  as  thdr  orbits  In- 
clude that  of  the  earth. 

The  SUK,  the  first  and  greatest  object  of  astronomical  knowledge,  is  placed 
near  the  centre  of  the  orbits  of  all  die  planets,  and  turns  round  it^  axis  in  £54 
.days;  its  diameter  is  889,000  English  mik»,  and  its  mean  distance  from  the 
earth  95  millions  of  ncules. 

Mercury  is  the  least  of  all  the  pl.tiu  ts,  known  ben>re  the  discovery  of  Vesta, 
Juno,  Pallas,  and  Ceres,  and  is  the  nearest  to  the  sun,  his  mean  distance  from 
tiiat  lummary  btnng  S7  millions  of  miles.  His  periodic  revolution  in  his  orbit 
round  die  sun  is  performed  m  87  days  tS  hours,  and  his  diameter  is  about  SfOO 
miles. 

Vk.nus  is  the  brightest  of  all  the  planets.  Her  diameter  7t;;;7  miles ;  her 
mean  distance  from  the  suu  68  millions  of  miles ;  and  lier  periodic  revolution 
hjMPonaed  fai  9M4  days  17  hours.  When  this  planet  is  in  that  part  of  her 
orbft  which  is  west  of  the  sun,  she  rises  before  him  in  the  monitng,*and  b  called 
the  morning  star ;  when  she  is  in  the  eastern  part  of  her  orbit,  flhe  shincs  m 
the  evening,  after  he  sets,  and  is  called  the  evening  Mar. 

The  nejEt  planet  is  the  EARTH,  the  diameter  of  w  hich  is  7 964  miles,  the 
wwoe  from  the  son  99  nyUions  of  mile^,  and  the  time  of  revolution  round 
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the  sun  one  y«  :<r.  Tin*  mrlli  turns  round  its  axis  from  west  to  east  in 
'i6m.  which  occasions  the  apparent  diurnaJ  iiiotiun  of  the  sud  and  all  tiie 
heireriy  bodies  round  it  finom  eait  ta  weit  in  the  tune  time,  and  is,  of 
eourse^  the  cause  of  their  rising  and  setting,  of  day  and  night.  The  axis  of 
the  earth  is  inclined  about  'ZfP  2:{'  to  the  plane  of  its  orlut,*  and  keeps 
nearly  in  a  direction  parallel  to  itself,  throughout  its  annual  course,  which 
causes  the  return  of  spring  and  summer,  autumn  and  winter.  Thus  tlie 
cUnumal  motion  give^us  the  f^tefiil  vicissitude  of  Di|^t  and  day.  and  the  an> 
nual  motion  the  regular  succession  of  the  seasons.  The  earth  attended  by 
a  satellite  c^iiied  the  MooN,whuse  di;mi»  ter  is  2161  miles;  her  distanri-  from 
the  centre  of  the  earth  is  240,000  miles;  she  goes  round  her  orbit  in  days 
8  hours;  but,  reckoning  from  change  to  change,  in  £9^  days.  Her  orbit  I* 
indioed  to  the  ecliptic  in  an  angle  of  5^  9',  cutting  it  in  two  points  diametri- 
cally opposite  to  each  o>her,  called  her  nnties.  As  the  moon  shines  only  by 
the  reflected  light  of  the  sun,  slie  must  appe^ir  different  when  in  different 
situations  with  resj^ct  to  that  luminarv.  When  she  is  in  conjunction  with 
the  sun,  her  dark  side  is  turned  towaru  the  earth,  whidi  renders  her  invisi- 
ble; this  is  called  neioirfHrn:  when  she  is  in  opposition,  her  light  tide  is 
wholly  visible  from  the  earth;  this  is  railed  full  vxoon. 

If  at  the  time  of  new  moon  she  is  near  to  cither  of  her  nodes,  she  may  inter- 
cept a  part  of  the  Bun*s  light,  koA  thus  cause  an  ecliyst  of  the  mm;  and  \t  she 
is  near  either  of  her  nodefi  at  the  time  of  full  mooo,  she  aa^  |NMi  into  tin 
shadoM-  of  the  earth,  and  cause  an  eclipse  of  the  moon.  In  a  similar  manner, 
when  the  moo  i -passes  between  an  observer  on  the  earth  and  a  star,  it  is 
called  an  Occultatwn  o[  the  star.  The  iji!>tajit  wheii  tiie  moon's  limb  first 
covers  the  stir  is  called  the  /mmeffisfi,  and  tiie  moment  of  its  re-appearance 
is  called  th*-  Emersion.  When  Mercury  or  Venus  passes  between  the  Mm 
and  an  observer,  and  npp«  ars  to  pa.«s  over  the  sun's  disk,  it  is  ralli  d  a  Tranrit 
of  Mercurv  or  Venus.  Kclipses,  OcculLations  and  Transits,  are  of  great  im- 
portanee  in  ascertaming  the  longitucles  of  phices  on  the  earth.  Edipaes  of 
the  moon  furnish  a  couTineing  proof  of  the  rotir.rdity  of  the  earth,  since  the 
shadow  of  the  earth,  seen  upon  the  moon  when  eelipsed,  is  always  circular. 
This  is  farther  coniirraed  by  the  appearance  of  objects  at  sea;  for  when  a 
ship  is  makui|;  towards  tlic  land,  the  mariners  firit  descry  the  tops  of  steeples, 
trees,  Ikc.  pomting  above  the  water;  the  lower  parts  beuig  hid,  by  reason  of 
the  curvature  of  the  earth. 

The  earth  is  not  a  perfect  globe  or  sphere,  hut  is  a  littb-  flatted  at  the  poles, 
being  nearly  of  the  figure  of  an  oblate  spUeriod,  the  euuatorial  diameter  being 
about  16  miles  longer  than  the  pobur :  but  since  tlus  difference  bears  but  a  smatt 
coinpanson  to  the  whole  diameter^  we  may,  for  all  the  practical  ])urposea  of 
navigation,  consider  th'-eurth  as  a  perfect  sphere,  a^  will  be  done  in  the  rest 
uf  this  work.    The  m-.tural  divisions  of  the  e;trth  uill  b*-  jfiven  hereafter. 

Maks  is  the  next  pUinet  to  tlie  earth;  \\\^  diameter  is  4itiB  miles,  his  dis- 
tance from  the  sun  144  millions  of  miles,  and  his  periodic  revolutioii  is  per- 
formed in  about  687  days.  He  retolves  round  his  axis  in  24  hours  40  mi- 
nut^  s,  appearing  of  a  dunky  reddish  hue,  and  is  supposed  to  be  encompassed 
with  a  very  great  atmosphere. 

Between  mars  and  Jtipitdr  are  situated  the  four  lately  discovered  planets, 
Vesta,  Juno,  Pallas,  and  Cetes,  named  Asteroids  by  Doctor  Herscbel.  The 
elements  of  their  orbits  have  not  been  aecurately  ascertained,  but  are  nearifv 
as  in  the  following  description. 

Vesta,  was  discovered  by  Doctor  Olbcrs  of  ^remen,  on  the  li9th  of  March, 
1807.  Its  mean  distance  from  the  sim  is  about  fO$  millHHis  of  miles;  its 
periodic  revolution  is  performed  in  aliout  3  1-6  ^ears. 

Juno,  was  discovered  by  Mr.  Hardinp:.  <»f  I.illonthal  (near  Bremen)  on  the 
first  of  September,  18U4.  it  appears  like  a  star  of  the  eighth  magnitude. 
Its  distance  from  the  sun  is  about  2^5  miUions  of  miles;  its  periodic  revolu- 
tion is  performed  in  1582  days.  The  hidination  of  its  orbit  to  the  ecliptic 
is  130  ^  andthececentricity  of  the  orbitf 

*  TfctliaBiMtlw  J>f  MMiii  »t  ytmrn  ■boi  SIT  hilflO  TC<uV>y '^<>«<>norUMalineiioa€rth«plMWtt 
WWaMrth.  It  ii  alio  •fl'ected  by  the  Nutation  (Iven  In  Table  XLIII.  which  somctlmet  amoaMi  ta  V« 
t  la  tiriiilinf  the  tcccwricitki  of  the  plaaci«)ih«ir  meao  distooce  from  Uie  tan  b  ptii  aqotl  la  ualty< 
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Pallas,  was  also  discovcrrd  hy  Dr.  OUnrs,  March  5",  1802.  Its  diamefer, 
according  to  Doctor  ticrschel,  ia  only  110  miles;  it  aj)pears  like  a  star  of  the 
«>ighth  magnitude.  Its  mean  distant  from  the  sun  is  about  MB  mOfions  of 
miles.  Its  periodic  revolution  is  perfooned  in  1683  days.  The  inclination  of 
its  orbit  to  tne  ecliptic  is  34^  39'  and  the  eccentricity  of  the  orbit  0.2463. 

Cerks,  was  discovered  b^Mr.  Piazzi  of  Palermo  on  the  first  of  January, 
1801.  its  diameter,  according  to  Dr.  Uerschel,  is  only  160  miles.  It  appears 
like  a  star  of  the  seventh  or  eighth  magnitude.  Its  distance  from  the  sun  is 
•about  266  millions  of  miles,  and  its  periodic  revolution  is  performed  in  lesS 
days,  beinp  at  nearly  the  same  distance  from  the  sun  as  Pallas.  The  inclina- 
•  tion  of  the  orbit  of  Ceres  to  the  ecliptic  is  10°  37'  and  the  eccentricity  0,097. 
The  sitiiations  of  the  node*  of  the  two  planets  Cetes  and  Pallas,  and  the  in- 
clinations of  their  oiblts,  are  very  different  from  each  other,  sp  that  when  those 
planets  are  in  the  same  plane,  they  are  at  a  great  distance  from  each  other,  not- 
withstanding their  mean  distances  from  the  sun  are  nearly  equal.  It  has  been 
supposed  by  some,  that  tliese  small  bodies  are  fragments  of  a  former  planet. 

jvrrntK  is  aitnated  aliH  higher  m  the  system,  and  is  the  largest  of  all  the 

filanets,  being  easily  distinj^uished  from  them  by  his  peculiar  magnitude  and 
ight.  His  diameter  is  89,170  miles,  his  distance  from  the  sun  490  millions 
of  miles,  and  the  time  of  his  periodic  revolution  is  4332^  days.  Though 
Jopter  is  the  largest  of  all  the  planets,  yef  his  diurnal  revolution  ia  me 
swiftest,  being  only  9  hours  and  56  minutes. 

Jupiter  is  attended  by  four  satellites,  invisible  to  the  naked  eye,  but  through 
a  telescope  they  make  a  beautiful  appearance.  In  s|>»'aking  of  them,  we  dis- 
tinguish them  according  to  their  places,  into  the  first,  second,  and  so  on;  by 
tiio  ftrat  we  mean  that  whidi  \b  nearest  to  the  planet.  Hie  appearance  of  these 
satellites  is  marked  in  the  Xllth.  page  of  the  Nautical  Almanac,  for  some  par- 
ticular hour  of  the  night;  the  times  wlien  they  are  eclipsed,  by  passing  into 
the  shadow  of  Jupiter,  are  also  given  in  the  Nautical  Almanac;  these  eclipses 
are  of  considerable  tAe  ui  determining  th«s  longitudes  of  places  on  the  earth. 

Before  the  diseovery  of  the  planet  Uranus,  SATUarv  was  reckoned  the 
most  remote  planet  of  our  system.  He  shines  with  but  a  pale  and  feeble 
light.  His  diameter  is  79,044  miles,  his  distance  from  the  sun  900  millions 
of  miles,  and  his  periodic  revolution  in  his  orbit  is  performed  in  about  29 
years  167  days.  This  planet  is  surrounded  with  a  broad  flat  ring,  has  adiur- 
nal  revolution  round  its  axis,  and  is  attended  by  seven  satellites. 

By  some  observations  made  by  Dr.  Herschel,  it  appeared  tliat  (he  largest 
diameter  of  Saturn  coiresponds  to  the  latitude  of  40^,  but  from  later  ohscr- 
Tations  he  has  been  induced  to  believe,  that  this  irreciilarity  is  o^  ing  to  an 
optical  deception,  arising  from  the  refraction  of  the  fight  in  passmg  ttirou^ 
the  atmosphere  «>f  (he  ring. 

Uranus,  Herschel,  or  lieorgitmi  Sidus,  is  the  most  remote  jilanet  «if  our 
system.  It  was  discovered  in  the  year  1781,  by  Dr.  Herschel,  though  it  had 
been  seen  aeveral  times,  but  had  be«i  considered  as  a  Axed  star.  Ita  cuameter 
is  35,109  miles,  its  distance  from  the  sun  1800  millions  of  miles,  and  its  pe- 
riodic revolution  in  its  orbit  is  performed  in  83i  years*  Dr.  Herschel  has 
also  discovered  six  satellites  attending  this  planet. 

The  asbonomy  of  comets  n'yet  in  its  mfancy.  The  return  of  one  of 
tiiem  in  tiie  year  1708  was  foretold  by  Dr.  Halley,  and  it  happened  nearly 
as  he  predicted.  He  also  foretold  ihe  rettini  of  another  in  the  year  1790, 
but  it  never  appeared.  This  was  (»\\  ing  ttt  the  inaccuracy  of  the  observa- 
tions of  the  comet  at  its  former  apj>earance;  for  Mr.  Mecliain,  having  col- 
lected all  the  obserrations,  and  calculated  the  orbit  again,  found  it  to  diflRRr 
essentially  from  that  determined  hy  Dr.  Halley.  Giber's  comet,  which  ap- 
pear»'d  in  has  a  revolution  of  72  years;  and  Encke's  romet,  which  has 

L»een  observed  in  several  successive  approaches  to  tiic  perihelion,  completes 
Ha  Mfofaition  in  the  short  period  of  lt04  days. 

Comets  move  round  the  sun  in  all  directions,  but  the  planets  and  satellites, 
except  one  of  the  sateHit<'S  of  Uranus,  move  from  west  to  east  when  seen 
from  the  sun;  but  if  viewed  from  any  other  of  (he  plane(^,  as  (he  i  ar(h,  (hey 
would  appear  to  revolve  round  it  as  a  centre;  but  tiie  sun  would  be  Uic  only 
one  that  moved  uniformly  the  same  way,  for  the  other  planets  would  somc- 

>^iyu,^uo  Ly  Google 


l-LMU.b'HKU  bY  Kl  VI  M.hL'JN".  1846 


Digitized  by  Google 


 X  - 


Digitized  by  Google 


ASTRONOMY  AND  GEOGRAPHY. 


47 


m 

tines  appear  to  move  Trom  west  to  eastt  and  then  to  st^nd  still ;  thon  they 
would  seem  to  movo  from  I'ast  to  west;  and  after  standing;  «4om»'  time,  they 
B'oujd  again  move  from  west  to  east;  and  so  on  continually.  The  motion 
of  a  planet  firom  west  to  eait  ia  called  the  dintt  motion,  or  aeeerding  to  At 
order  of  the  ngnt.  Tho  contrary  motion  from  east  to  west,  is  called  refroigTode, 
When  the  planet  appears  to  stand  still,  it  is  said  to  he  stationary. 

To  illustrate  what  has  already  heen  said  relative  to  the  motions  and  dis- 
tances of  the  planets  and  satellites,  we  have  given  the  adjoining  Plates  III. 
and  IV.  which  require  no  explanation. 

In  noting  the  situations  of  the  stars  and  planets,  astronomers  hare  been 
imderthe  necessity  of  imaeiriinj;  various  lines  and  eircles  on  the  sphere;  and 
geographers  have  done  the  same  fur  fixing  the  situation  of  places  on  the 
earu.  The  most  remarkable  of  these  are  the  foUowiog. 

A  grtat  circle  is  that  whose  plane  passes  through  the  centre  of  the  sphere; 
and  h  smalt  circh  is  that  whose  plane  docs  not  pass  throiiRh  that  rrntrr. 

A  diameter  of  a  sphere,  perpcnidicular  to  any  great  circle,  is  calh-d  tlu-  axis 
of  that  circle ;  and  the  extremities  of  a  diameter  are  called  its  polcB.  ilenc<*. 
the  pole  of  a  great  circle  is  90^  from  erery  point  of  it  upon  the  surftee  of 
the  sphere;  but  as  the  axis  is  perpendicular  to  \)\v.  circle  when  it  is  perpen- 
dicular to  any  two  radii,  a  point  on  the  stirfare  of  a  sphere  00*^  diatant  urom. 
any  two  points  of  a  great  circle  will  he  the  pole. 

All  angular  distances  on  tiie  surfhce  of  a  sphere,  to  an  eve  at  the  oentre^ 
are  measured  by  arcs  of  great  circles.  Hence  all  triangles  ferme/1  upon  the 
surface  of  a  sphere,  for  tin-  solution  of  spherical  problems,  must  be  formed 
by  the  arcs  of  great  circles. 

Stcondarie*  to  a  great  drde  are  |;reat  circles  which  pass  through  its  poles, 
and  consequently  must  be  perpendicular  to  their  great  circles. 

The  (uis  of  the  earth  is  that  diameter  about  whieh  it  performs  ita  diumsl 
motion;  and  the  extremities  of  tiiis  diameter  are  called  the  poles. 

The  terrestrial  equator  is  a  great  circle  of  the  earth  perpendicular  to  its 
axis.  Hence  the  axis  and  poles  of  the  earth  are  the  axis  and  poles  of -iti 
equator.  That  half  of  the  earth  which  lies  on  the  side  of  the  equator,  in 
which  Eiiropp  and  the  United  States  of  America  are  situated,  is  called  the 
northern  hemisphere,  and  the  other  the  southern;  and  the  poles  are  respec- 
ti^-elT  called  the  noHh  and  9outh  poles. 

The  laHiude  of  a  place  upon  the  earth's  sur&ce  is  its  angular  distance  from 
the  equator,  measured  upon  a  secondary  to  it.  ^lese  secondaries  tm  the 
equator  are  calh  d  mfridians. 

The  longitude  of  a  place  on  the  earth's  surface  is  an  arc  of  the  equator  in- 
tereepted  between  the  meridian  passing  through  the  place,  and  another,  called 
thejuvl  meridian,  passing  through  that  place  from  which  you  iH  ^in  to  mea- 
surei  or  it  is  the  anjrle  fonnt'd  at  the  polr  hy  these  two  meridians.  The  Ame- 
ricans and  English  generally  place  thi'  first  meridian  at  London  or  Greenwich, 
the  French  place  it  at  Paris,  the  Spaniards  at  Cadiz;  some  Geographers  place 
it  at  Tenerioe,  and  others  at  other  places.  Tbrou|;hdut  this  work  Greenwich 
will  be  reckoned  as  the  first  meridian.  The  longitude  is  counted  from  the 
first  meridian,  hoth  eastward  and  westward,  till  it  meets  at  the  same  meridian 
on  the  opposite  point;  tiiercfore  the  longitude  (and  also  the  difierence  of 
hm^tude  between  any  two  places)  can  nerer  exceed  180*^. 

If  the  plane  of  the  terrestrial  equator  he  produced  to  the  sphere  of  the 
fixed  stars,  if  ninrk>^  out  a  eirclt-  «'.tllr(l  the  celestial  erjitntiir ;  and  if  tlu*  axis 
of  the  earth  Iw  produced  in  like  inanru-r,  the  points  of  the  heavens,  to  which 
it  is  produced,  arc  called  iMiles,  being  the  poles  of  the  celestial  equator.  The 
star  nearest  to  each  pole  is  called  the  pok  star. 

Secondaries  to  the  celestial  equator  are  called  circles  of  declination;  of 
these  24,  which  divide  the  equator  into  equal  parts,  each  containing  15^,  are 
called  Aour  circles. 

Small  drdes  parallel  to  the  celestial  equator  are  called  paraUeU  of  dccli- 
na^n. 

The  sensible  horizon  is  that  circle  in  the  heavens  whose  plane  touches  tlie 
earth  at  the  spectator.  The  rational  horizon  is  a  great  circle  in  the  hcaTCOS, 
passing  through  the  earth  s  centre,  parallel  to  the  sens^ible  horizon. 
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If  the  radios  drawn  from  tho  centre  of  tbe  earth  to  the  place  where  the 

spectator  stands  be  produrrd  l>oth  wnys  to  the  heavens,  the  point  vertical 
to  him  is  c.illf  d  the  zenith,  and  the  point  opj»osite,  the  nadir.  Hence  thO 
zinith  and  nadir  are  the  poles  of  the  rationa]  huris^on. 

Secondaries  to  the  horizon  are  eaUed  tertieal  drcles,  hecaiise  thejr  are  per- 
pendicular to  the  horizon.  On  these  cuvles,  therefore,  the  altitude  of  a 
heavenly  body  is  measured. 

The  secondary  common  to  the  celestial  equator,  and  the  horizon  of  any 
place,  is  the  celestial  meridian  of  that  place.  This  meridian  corresponds  wiiii 
li|e  terrestrial  meridian  of  the  same  place,  which  passes  thrtfugh  line  poles  of 
the  earth,  the  zruitli  and  nadir  crossing  the  equator  at  ri^ht  angles,  ana  cutting, 
the  horizon  in  the  n(»ith  and  south  points;  that  point  benig  called  nor/A  which 
passes  through  the  north  pole,  and  the  opposite  direction  is  called  south.  The 
vertical  circle  which  cots  the  meridian  of  any  place  at  right  angles  is  called  the 
prime  vertical ;  the  points  where  it  cuts  the  horizon  are  called  the  east  and 
west  points,  and  to  an  observer,  with  his  fare  din-rtcd  towards  the  sfuith,  the 
east  point  will  he  to  his  left  hand,  and  the  west  to  his  right  hand.  Hence  the 
east  and  west  points  are  90^  distant  from  the  north  and  south.  These  four 
are  «dled  the  cardinal  points.  The  meridian  of  any  place  divides  the  heavens 
into  two  hemispheres  lying  to  the  east  and  w  est ;  that  lying  to  the  east  is  called 
the  eastern  hemisphere,  and  tlie  other  the  urstcrji  hemisphere.  When  the  sun 
is  at  its  greatest  altitude  on  the  meridian  of  any  place,  it  is  noon  or  mid-day. 

llie  azimulh  of  an  heavenly  hody  is  Its  distance  on  the  horizon,  when  re* 
ferred  to  it  hy  a  secondary,  from  the  north  or  south  points.    The  amplitude* 
is  its  distance  from  the  east  or  west  points,  at  the  time  of  rising  or  setting. 
,  Thp  tdiplic  is  that  great  circle  in  the  heavens  which  the  sun  appears  to  de- 
■cribe  in  the  course  of  a  year.    The  ecliptic  and  equator,  being  great  circles, 
most  bisect  each  other,  and  their  angle  of  inclination  is  called  the  obliquity  of 
the  ecliptic;  and  the  points  where  they  intersect  are  calleil  th«'  eqv}noctiat 
]>oints.    The  times  when  the  sun  comes  to  these  points  are  called  the  equi- 
noxes.   The  ecliptic  is  divided  into  12  equal  parts,  called  si^ns ; — viz.  Aries  T» 
Tannis      Oemfaiill,  Cancer  S,  Leo  SI,  Virgo  HR,  libra      Scorpio  111* 
Sai^ttarius  fj  Capricomus  V3,  Aquarius  ss,  Pisces  ^.    The  order  of  these 
is  according  to  the  apparent  motion  of  the  sim.    Th«'  first  point  of  Aries 
coincides  with  one  of  the  equinoctial  points,  and  the  first  point  of  Libra  w  ith 
the  other.   The  first  six  si^ns  are  called  northern^  ly^ing  on  the  nortli  side  of 
the  oquator;  and  the  last  six  are  called  southemt  lymg  on  the  south  Mde. 

The  zodiac  is  a  space  exteiiding  eight  degrees  on  each  side  the  ecliptic, 
within  which  the  motion  of  all  the  planets  is  contained,  except  the  newly 
discovered  planets. 

The  right  ateemimof  a  body  is  an  arc  of  the  equator  intercepted  between 
the  first  point  of  Aries  and  a  circle  of  declination  passing  through  the  body, 
measurea  according  to  the  order  of  the  sij;ns. 

W^kt  asccTtsion  of  the  meridiem  or  mid-h  m^n,  is  the  distance  of  the  meri- 
dian, from  the  first  point  of  Aries,  and  is  found  by  adding  tliu  apparent  time 
paat  noon,  to  the  aun*s  right  ascension. 

The  aacensional  difference  of  any  object  is  the  difierencc  hctweoi  the  right 
ascension  of  the  object  and  that  point  of  the  equator  which  rises  or  sets  with  i? . 

The  declination  of  a  star  or  any  celestial  object  is  its  angular  distance  from 
the  equator,  measured  upon  a  secondary  to  it  passing  tlirough  the  object. 

The  longitude  of  a  star  or  any  celestial  object  is  an  are  of  the  ecliptic  inter- 
cepted between  the  first  point  for  Aries  and  a  secondary  to  the  ecliptic  passins; 
through  the  hody,  measured  according  to  the  order  of  the  signs. — If  the  ob- 
server be  on  t^e. earth,  the  longitude  is  called  the  geocentric  longitude;  but  if 
soenlWmi  ti^  Ijln  it  is  called  the  heUoeentrie  longitude;  the  t>ody  in  each  case 
being  referred  perpMidicularly  to  the  ecliptic  in  a  plane  passing  through  the  eye. 

Nonagesimal  degree  of  the  ecliptic  is  its  highest  point  al  any  jciven  time, 
and  is  90^  from  the  points  where  the  ecliptic  intersects  the  huri/.on. 

The  latitude  of  a  star  or  any  celestial  object  is  its  angular  distance  from 
the  ecliptic,  jmiBSured  uf^n  a  seoendary  to  it  drawn  through  the  body.>-If 
the  body  be  observed  from  the  earth,  its  angular  distance  from  theecli)>tic  is 
called  the  geocentric  latitude;  but  if  observed  from  the  sun  it  is  called  the 
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htlwxnirk  latitude.  The  secondary  drde  drawn  perpendicular  to  the  eclip- 
tic is  called  a  circle  of  latitude.  ' 

The  tropics  are  two  parallels  of  declination  touching:  the  eclipfir.  One, 
touching  it  at  the  heginxing  of  cancer,  is  called  the  trfiijic  of  canrrr;  and  the 
otMr,  touching  it  at  the  banning  of  caprioom,  is  called  toe  /roy;/r  ofcapri' 
corn.  The  two  points,  where  the  troptcs  cut  the  ecliptic,  are  called  the 
iolstttial  pointf. 

Colures  are  t>v<i  secondaries  to  the  celeistial  equator,  on**  passint;  llinni'^h 
the  equinoctiai  pointtt,  called  tiic  equinoctial  colure;  and  tiie  otiier  pu>-'iii^ 
through  the  sotelitial  points,  are  called  the  mltHtial  colure.  The  times  wh^ 
the  sun  comes  to  the  solstitial  points  are  called  thi*  xidsii'-'s.  * 

Aberration  of  a  stnr  or  any  lienvetily  body,  is  a  small  apparent  niiition.  o<'- 
caMoned  by  the  urogre.ssive  velocity  of  UgliL  Tills  b  calculated  hy  means 
of  Tables  SOXIX.  XLI.  or  XUI. 

.  Nutation  is  a  small  apparent  motion  of  the  heavenly  bodies,  occasioned 
by  a  real  motion  of  the  earth's  axis,  arising  from  the  attractions  of  thn  smi 
and  moon  on  the  spheroidal  form  of  the  earth.  The  i  ffi  rt  of  thi^  on  tln' 
right  ascension  and  declination  is  given  in  Table  XLiil.  and  on  tin-  longitude 
in  Table  XL.  The  correction  in  tlds  last  Table  being  generally  calleid  the 
equation  of  the  eqUinoxea  in  lont^itude. 

Precession  of  thr  rrptinortinl  points  U  a  ^mall  motion  of  about  '.><}{"  per 
y  ear,  occasioned  by  tiie  same  cause  as  the  nutation.  By  this  motiuo  the 
equinoctial  points  are  carried  faachward  from  east  to  west;  consequently,  the 
heaTenly  bodies  appear  to  move  forward  the  same  quantity  from  west  to 
east.  The  annual  variations  of  the  places  of  the  stars  from  prcces'^ion.  .trid 
the  secular  equations  arising  from  tlie  change  of  the  e;irth*s  orbit  by  llie 
attracUon  of  the  planets,  arc  given  in  Tables  V^lll.  and  XXXVII. 

Tlie  aretie  and  aUaretk  cirdes  are  two  parallels  of  declination,  the  fonmr 
about  the  north,  aiid  the  latter  about  the  south  pole,  the  distance  of  which 
from  the  two  poles  is  equal  to  the  distance  of  the  tropics  from  the  equator, 
which  is  about  id^  28'.  These  are  also  called  polar  circles.  The  two  tropics 
■nd  two  polar  drdes,  when  fefisrred  to  the  earth,  diride  it  into  five  partH, 
esdled  zones;  flie  two  parts  within  the  polar  circles  are  called  ttio  frigid 
zones;  the  two  parts  between  the  polar  circles  and  tropics  are  callwl  the 
temperate  zones;  and  the  part  between  the  tropies  is  called  the  t<trrid  zone. 

Besides  tlie  imaginary  divisions  of  the  eartli,  there  are  various  natural  divi- 
sions of  its  surfiice,  formed  by  na^re,  such  as  continents,  oceans,  islands* 
seas,  rivers,  &,c. 

A  Continent  H  a  large  tract  of  l  uul.  wlu  rein  are  sevml  rmpires,  kingdoms, 
and  countries  conjoinedr— as  Europe,  Asia,  Africa,  and  America. 

An  Island  is  a  part  of  the  earth  that  is  oiwoned  or  encompassed  round 
by  the  sea,  as  Long  Island,  Block  Island,  Uc 

\  P-uinsiiln  is  a  portion  of  l.'u)d  almost  surrninided  with  water,  save  one 
narrow  nerk  whieh  joins  it  to  the  c(»ntinent,  as  thr  Mor«'a. 

An  Isthmus  is  a  narrow  neck  of  land  joining  a  peninsula  to  the  adjacent  land, 
by  which  the  peo^ile  may  pass  from  one  to  the  other,  as  the  fsthmusof  Oarien. 

A  Promontory  is  a  high  part  of  land  stretching  Itself  bto  the  sea,  the  ex- 
tremity of  w  hieh* is  railed  a  Cape  or  Headland. 

A  Mountain  is  a  rising  part  ot^  dry  land,  over-topping  the  adjacent  coun- 
try, and  appearing  first  at  a  distance. 

An  Ocean  is  a  vast  collection  of  water,  separating  continents  from  one  ano- 
ther, and  washing  their  borders  or  shon-s,  as  the  Atlantic  and  Pacific  Oceans. 

A  Sea  is  part  of  the  ocean,  to  which  wr  must  sail  throuRh  some  strait,  as 
tiie  Mediterranean  and  Baltic  seas.  This  term  is  sometimes  used  for  the 
whole  body  of  salt  water  on  the  globe. 

A  Strait  ts  a  narrow  part  «)f  the  ocean  lyinj;  between  two  shores,  and  open- 
ing a  w  ay  into  some  Sea,  as  the  Straits  of  Gibraltar  that  lead  into  the  Medi- 
terranean Sea. 

A  Creek  is  a  small  narrow  part  of  the  sea  or  river,  that  goes  up  but  a  little 
way  into  the  land.  a 
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A  Bay  is  a  jjjrrat  inU^t  of  the  land,  as  the  Bay  of  Biscay,  and  tlie  Bay  of 
Wrxiro  ;  olherwisi-  a  bay  is  a  station  or  road  for  ships  to  anchor  in. 

A  Hivcr  is  u  considerable  streiuu  of  water  issuing  out  of  one  or  various 
snrings,  and  cootinmUy  gliding  along  fai  one  or  more  channels,  tiU  it  dift* 
charges  itself  into  the  ocean:  the  lesser  streams  are  called  rivulets. 

A  Lake  h  a  large  collection  of  waters  in  an  inland  place*  as  the  lakea  Su- 
perior and  Huron  in  America* 

X  Oulfw  a  part  of  the  ocean  or  sea,  nearly  surrowided  hy  find,  €Zoept 
vhere  it  comnuinicatfts  with  the  8<'.a,  as  the  Gulf  of  Venlee* 

Thus  we  have  given  the  most  useful  definitions  of  Astronomy  and  Geogra- 
phy, and  to  assist  tlie  learner  there  is  also  given  Plate  V.  in  which  those  terms 
are  explained  at  one  view.  We  may  farther  observe,  tliat  as  the  latitude 
of  any  place  upon  the  earth  is  counted  fh>m  the  equator  upon  an  arch  of  the 
meridian,  the  difference  of  latitude  between  two  places,  both  north,  or  both 
south,  is  fntnul  hy  subtracting  the  less  latitude,  from  the  greater;  but  if  one 
latitude  be  norths  and  the  other  aoutht  the  difference  is  found  bjf  adding  both 
latituda  together. 

1.  Conseaucntly,  if  a  ship  in  north  latitude  sails  northerly,  or  in  south  lati-' 
tnde  southerly,  she  increases  her  latitude;  but  in  north  latitude  sailing  south- 
erly, or  in  south  latitude  sailing  northerly,  she  derreases  her  latitude,  bccaUi^e 
she  sails  u^er  to  the  euuator,  from  whence  the  latitude  is  reckoned. 

3.  Wherefbre,  in  norih  UUUude  amling  nartherlif^  or  m  aovfJk  faffifiMfe  sailing: 
southerly,  the  dij'ereiice  of  laiUltde,  addtdto  the  latitude  Irff,  frlves  the  latitude  in. 

3.  In  north  latitude  saillna^  soritherly,  or  in  south  Itititude  sailinE^  northerly, 
the  difference  of  latitude^  subtracted  from  the  latitude  left^  gives  the  latitude  in. 

4.  JFhm  tike  laHtvde  decrtateBt  and  fftc  ^Jkrenee  of  latitude  is  greater  than 
the  latitude  sailed  from,  subtract  the  latitude  left  from  the  d^rence  o/*  latitude, 
and  the  remainder  triH  U  the  latitude  in,  hut  of  a  d\ffer€lU  nome^  for  tl  iMeBideni 
in  this  case,  that  the  ship  has  crossed  the  equator. 

5.  The  dilTerence  of  longitude  between  two  places,  being  hotli  east  or  west, 
is  found  hy  MMnseUft]^  me  less  fonrrfwfe  fnm  the  gnaUr;  hui  if  one  ht  in 
east  longitude  and  the  other  in  west,  Vieir  sum  is  the  dijfkrtnce  of  longitude, 
V'hcn  if  does  not  exceed  litO'^,  but  if  it  exceeds  180^,  that  sum  mustoeeubtrocted 
from  dGO°,  and  the  remaindtr  will  be  the  difference  of  longitude* 

0.  Therefore  in  eotl  longitude  eailing  easterly,  or  in  west  longitude  eaSing 
.  westerly,  the  differenet  of  longitude  added  to  the  longitude  left,  gwes  the  longi' 
tude  in,  when  that  sum  does  not  exceed  laC^;  but  if  it  exceeds  180^,  the 
sum,  subtracted*  from  960"^,  leaves  the  longitude  in,  but  of  a  different  name 
from  that  lei't. 

7.  In  eatt  longitude  eaiUng  westerly,  or  in  west  longitude  tailing  easlerhf,  the 

difference  of  longitude,  subtracted  from  Ae  longitude  left,  gives  the  longitude  in; 
tut  when  the  difference  of  longitude  is  greatest,  the  longitude  left  must  he  suh- 
tracted  front  tluil  difference,  and  the  remainder  will  be  the  longitude  in,  but  of  a 
different  ndcme  from  the  longitude  left.  *  * 

What  has  boon  said  will  lie  rendered  IbmiUar  to  the  learner  by  the  foDowIng 
examples. 

Exam.  I.    What  is  the  diflerence  of  latitude 

between  Boston,  in  the  latitiulc  of  42'^  23' 

N.  and  Ridimoiid  (V  irginia)  iu  the  lat 

of  37°  30' N.? 
Prom  Boston's  lat.  42-  23'  N. 

Subtract  Richmona'd  lat.        37   30  N. 


Beiaaias  the  diC  oflak.         4  SS 

60 

hlliles  ll99 


Exam.  II.  A  ship  from  latitude  r.9  *  27'  S. 
sails  southward  until  her  dirt'crcncc  of 
latipidc  is  374  miles ;  what  latitude  is  she 
come  to  ? 

Latitude  sailed  from  69°  27*  S. 

Diff.  of  lat  374-r60=  6   14  S. 


Lat  in  66  41  S. 


•  I*J^  '■'M'*^  wpposed,  that  the  tarn  of  the  lonpitutic  U  fi,  nnd  tlir  rlifrert-ncr  of  loneUada,  to  IttS 
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Ex.  III.    Reqtiired  the  difference  of  lalUude 

between  Georgetown  and  Cape  Frio  ? 
♦  Icon^ctown's  lat.  33P  N. 

4  ape  Frio's  lat.  93     1  S. 

DUC  or  lat.  56  24 

60 


Ex.  IV.    A  ship  from  lathnile  9BP  W 
s'.\\U  houth  1800  BiUea;  what  latitude  is 

she  in 

From  diff.  of  lat.  ISUU  uiilc5,  or  30°  00'  S. 
Sub.  lat  left  S8  85  N. 


DiC  =  lat.  ill 


1   S5  S. 


In  miles  33^<4 

In  the  last  rxanipln  it  is  evident  that  as  the  clifTfrenre  of  latitude  is  morn 
than  tfie  latitude  left,  tiie  ship  iiiusl  have  crowed  the  ei^uator,  aud'Conte- 
quently  come  inlo  south  latitttde. 

Note.  When  one  of  the  places  has  no  latitude,  or  is  on  the  equator,  the 
latitud*'  of  the  other  place  is  their  difference  of  latitude. 

Ex.  VI.    A  ship  from  C:tp<'  Chnrlos,  in 
VifKinia,  ftails  eastward  nil  her  dUlcreoGB 
oTIoiigHade  is  400  ajles;  what  hnigitikb 
ia  jihc  in  ? 
Cape  Ciiarlet*  long. 


Ex.  V.    What  is  the  differfnce  of  longitude 
between  Cape  Ana  light-house  and  Lis- 

Cape  Ann  liKht-hovc^  long.    70°  34'  W. 

Lbbon's  lone  9     9  W. 


I's  long. 

DiC  of  long.  61  U 

60 

InnilBs  S6B6 

Ss.  VIL   What  is  the  difference  of  longi- 
tude bctnreen  Barcelona  and  Salem  7 
Barcelona's  long.        «  8^  IS'  £. 

•Saleaa**  long.  70  58  W. 


mff.  of  long.  400  allies  s 

Long,  in 


76^  01'  W. 
6  40  E. 


W   24  W. 


'i  of  lonj;. 


73    4  W. 


Ex.  IX.  What  is  the  difference  of  longi- 
tude between  Manilla  and  Ncw-Vork 
light-house  T 

ManiUa'B  long.  02'  E. 

New-York  ligbt.house  74   01  W. 


Sum  exceeds  180° 
Subtract  it  from 

Diff.  of  long. 


195 
360 


03 
00 


164  57 


Es.  Vm.  A  ship  fhNB  IS^  40"  £.  long, 
sails  westwnnl  till  her  diff.  of  long,  ii 
27<^  15',  what  longitude  i^  she  in  7 

Lon«.  left       *  15^  40^  E. 

DiflTofloog.  87  15  W.  ^ 

I^ng.  in  n    35  W. 

Ex.  \.  A  ship  from  longituJ-  U.O  2<>'  W. 
sails  ncslward  until  .she  riidcr»  iter  longi- 
tude 41<)  SO' ;  wl»t  longitude  is  she  in? 

r.orjg.  left  ^      .         l».a-  20'  W. 


Dili',  of  loag.  ^ 


l  ong,  in 


41    20  W. 


201 
3tU 


10 
00 


IjH    2U  E. 


in  the  last  example  the  ship  ha.s  cpossimI  t!i>-  op[>oaite  meridian,  and  tliere- 
fore  has  come  into  a  lon^tude  of  a  dillt  reut  nuiue. 


PLANE  SAIlJMi. 

PLA>iE  SAILING  is  the  art  of  navigating  a  ship  uuon  principles  JcJuct'd 
from  the  supposition  of  the  earth's  bemg  an  extendea  plane,  on  which  the 

meridians  are  all  parallel  to  each  other.*  A  niai>  of  the  several  parts  oCtlie 
farth,  constructed  upon  these  principles,  is  railed  a  Pla.ne  Chart.  Whrn 
tile  parts  of  tlie  earth  are  thus  delineated  on  a  plane,  it  is  easy  to  see  the  track 
by  whidi  a  ship  may  go  from  one  place  to  another,  and  also  what  angle  this 
track  niakes  with  the  meridian.f  Ships  at  sea  are  kept  in  this  track  by  means 
of  an  instrument  called  Wir  mariner's  compass. 

The  Mariner's  Compass  is  an  artificial  representation  of  the  hiui/.on  of  any 
^ace.  It  consists  of  a  circular  piece  of  paper  (see  Plate  VL  fig.  1 )  calU-d  a 
card,  divided  (like  the  horizon)  mto  860  degrees  or  Sft  points.  This  is  Axed  on 
a  piece  of  steei,  called  a  needle,  to  which  the  nuignetic  virtue  has  been  com- 
municated l»y  means  of  a  loadstone,  w  hich  has  the  property  of  jn  tinting  steailily 
towards  the  north,  and  carrying  the  card  with  it,  when  turning  freely  on 
a  pivot  or  any  thing  to  siipport  it.   Thus  all  tlie  points  of  the  card  will  be 

*  The  cxplanaUoni  of  Plane  Stiili")::,  aoti  ibe  dcfinittoos  of  UiU  pace  (utid  ia  iht  §mt 
work)  are  nraily  ihe  tame  hf  thoK  ^'iw  n  l>y  Moore,  in  hb  fftMneal  Movlglrierj  IV 
Elements  uf  Navi^tion,  and  6y  inoal  writers  on  Navifatioo. 

t  The  metb<id  of  calculating  "       '  -  ... 

«artb,  «m !«  givcB  bemLfler. 


tohH 

9tim 


ft 
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PLANE  SAILING. 


iliroctod  towartlstlicir  corresponding  poijitsof  the  horizon.*  coiisequenllj-,  tfj" 
lirip  of  the  compass  a  ship  may  be  kept  in  any  proposed  track  or  course. 

The, Course  is. the  angU'  nliich  the  line  described  by  a  ship  makes  with 
I  lie  meridian,  being  sometimes  reckoned  in  points,  half  points,  kc.  and 
sometimes  in  drvC'ee^f. 

I)>STA>cK  is  the  way  or  h'ngtii  a  ship  Iws  !^onc  on  a  direct  course,  in  a 
piven  time.  Tlie  method  of  measuring  this  dist^lnce  by  the  log  will  be  ex- 
plained herea['t<T. 

DiFFKRKNcK  OF  Latitudk  i.H  the  distance  which  the  ship  has  macje  north 
or  south  of  the  place  sailed  from,  or  the  portion  of  the  meridian  cunt;uned 
between  the  parallels  of  latitude  sailed  from  and  come  to. 

Departl'rk  is  the  east  or  west  distance  a  shi)>  has  made  from  tlie  meri- 
dian, or  the  whole  easting  or  westing  made  by  the  ship. 

If  a  ship  .sails  du»'  north  or  south,  she  sails  on  a  meridian,  makes  no  de- 
parture, and  her  distance  and  difference  of  latitude  are  the  same.  If  she 
bails  due  east  or  west,  she  goes  on  a  parallel  of  latitude,  makes  no  difference 
of  latitude,  and  her  departure  and  distance  arc  the  same. 

The  difference  of  latitude  and  departure  make  the  legs  of  a  right-angled 
triangle,  the  hypotenuse  of  which  is  the  distance  the  ship  lias  sailed;  the  per- 
pendicular is  the  diflerence  of  latitude  counted  on  the  meridian;  the  base  is 
the  departure,  which  i.-i  easting  or  westing  counted  from  the  meridian;  the 
angle  opposite  to  the  base  is  the  cour&e,  oranj;le,  that  the  ship  makes  with  the 
meridian ;  and  the  angle  opposite  the  perpendicular  is  the  complement  of  the 
citiu'se,  which  bi  ing  taken  together,  make  always  8  j»<»int;<or  yo  degrees. 

In  construcling  figures  relating  to  a  ship's  course,  let 'the  upper  part  of  the 


^  lower  part  will  be  tlu*  south  ;  the 
rigbt  hand  cast,  ami  the  loll  west. 

Dra;r  the  north  anil  south  line 
to  represent  th<;  mcridiixti  of  thr 
plaoc  the  eliip  Miilb  from  ;  llion,  if 
the  ship's  course  is  to  the  snutli- 
wartl,  mark  the  upper  enil  of  the 
line  for  thcplaee  Hailed  from  ;  but 
if  the  course  is  northwnni,  mark 
Oie  loivcr  end  for  tltiit  place. 

^Vhcn  the  course  is  easterly, 
d«'»cribe  the  arch,  and  lay  oH*  the 
course  and  departure  on  the  right 
hand  side  of  the  meridian  ;  but 
when  westerly,  on  left  hand  side 

niien  the  cour.ic  i«  given  in  de- 
crees, they  must  be  taken  Irom 
the  line  of  chords ;  but  wlicn  in 
poii)ts,  from  the  line  of  rhumb9, 
and  must  always  be  laid  otT  upon 
the  arch,  beginning  at  the  nieri 
dian. 

Wlicn  the  course  is  given  in 
{^(niiits,  the  log-sino,  lo«».  co-.Hinc, 
Jtic.  Tiiay  be  lomtd  in  Table  XXV 
otherwise  in  Table  XXVII. 

In  all  cafP.",  where  the  comple- 
ment of  course,  orco-sinc,  Lc.  in 
used, 'the  degrees  or  points  put 
down,  arc  the  course  itself,  but  the 
logarithms  belonging  to- the  com 
plemont  or  co-sine,  &c.  of  that 
course  ore  taken. 


Table  uj  the  ^'ins:U.i  \chich  every  Point  oj  the  Compa^!> 
tnaicen  with  the  .Meriditni. 

North.  1 

South. 

Point* 

n.M. 

North. 

South. 

( 

N.  by  E. 

S.  by  E. 

i 

1 

i.i 
\^ 

H 
2 

n 

si 

3 

8.49 
11.15 

N.  by  W. 

S.  by  U . 

N.  N.  F.. 

S.  S«  K. 

14.  4 
I6..'»2 
19.41 
'22.30 

N.  N.  W. 

S.  S.  W. 

.N.K.byN. 

S.  E.  by  S, 

2.-).  19 
2S.  7 
30. 5f. 
.13.16 

N\V.  byN. 

S.W.byS. 

N.  E. 

S.  E. 

H 

4 

31..  34 
39.22 
•12.11 
4r>.  0 

N.  W. 

S.  W. 

N.E.  byK. 

S.K.by  E. 

H 
M 

43 
5 

47.49 
53.26 

NW.byU. 

.SW.  byW. 

F..  N.  E. 

E.  S,  E. 

h 

>'.f 

63 
7 

59.  4 
61.52 
61.11 
67.30 

W.  N.  W. 

K.  by  N. 

E.  by  S. 

70.19 
73.  7 
75.56 
78.45 

W.  by  N. 

W.  by  S. 

East. 

n 
n 

s 

81.34 
S4.22 
87.11 
90.  0 

Wcsf. 

•  II  is  hrrr  ntppowft  lh«t  the  netAle  points  to  the  true  iwrth,  bat  If  H  ▼ariet  iberefrom,  aUo«w»*^* 
must  be  made  for  «he  variation  by  the  niles  wbicli  w  ill  be  g^lvea  in  this  work. 
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I'LANE  SAILIN(;. 


fn  thf  following  Talk,  the  rules  for  solvine;  the  variovs  rasis  of  Plant  SnitinK 

are  culUrtrd. 
PLANK  SAILING. 


UaM- 

iiivcn. 

1 

C'wurse 
nndliUuntu' 

riiur«o  and 
PifT.  i>r  Lai 

Difl.  of  L*l. 
Depniiurr. 

DiMancr 
r>«'|M«rtnre 

Kml.       f)i<t.   ;  t   Cos.  Cour>«   :    iJifl*  ol  LaU 
KaH.       I)i«t.   :   :    8in«  GoufM*  :  Departure. 

T 

ro-!iin»' Coiirv        DifT.  Ln(.       :    Knil,    :  PlftBiirf. 

Kff^ius    :           Lai.    ;   :    Taiip.  <'our««   :    iHrparnire.  _ 

3 

0«iurs<-  and 
IVfjinrture. 

Diir.  of  Lhi. 

Sinr  Course        Itcpunuie    :        liad.  Di»iaMe. 
R(wliu«   :    IVparmnr    :    :    C<»-tanp.  Courw   :   DlflT.  \M. 

•1 
5 

6 

Difl*.  oi  Lau 
DislanCt''  anti 

l>r(iHrtur« 

l>iotAnre    r    Kadiut    .    :    DiiT.  Lat.    :    Cot.  t^ottrMr. 
Radiut   :    Distance    :   :   Sine  Cnur^e   :  I>r|iartu2ir. 

iour»< 
lUfr.ol  I.NI. 

DlMance    :    K<vlius    :    :    Di-cmHutc    :    6i»f  I  our»«. 
l>a<liu«    1    Dittniice   :    *■  Co*.  Coune   :    DifP.  Lai. 

l>pi>ariarc. 

Cuur»e 
Distanrr. 

INfT.  Lau   :    Radius              Dep.  :    Tang.  Cour*r. 
( Sine  ro«ir«e       Departure           Itad  DiHancr. 
(  Rnilius        Dlff.  \At.           Seroni  Cnum*  DlMaiice. 

Course  and  distance  sailed 

A  ship  from  the  latitude 
i\w  latitude  she  is  in,  and 


CASE  I. 

^•iljfn,  to  find  the  difference  of  latitude  and  depar- 
ture from  the  meridian. 

of  49'^  67'N.  Rails  S.  W.  by  W.. 488  miles;  reijuired 
her  dep;irture  from  tlie  meridian  sailed  from  ? 

BY  PROJECTION. 


Draw  the  line  CA  to  represent  the  meridian  of  the  plare  C,  from  whence  the 
sailed.  With  the  chord  of  6<P  in  your  compa.*i!ics,  and  one  foot  in  C  as  a  centre,  de- 
serve the  compass  N.  W.  S.  E.  Take  5  points  in  your  rompn-ses  from  the  line  of 
rhumbs  on  the  plane  scale,  and  set  it  off  on  the  arch  from  S.  towards  W .  for  the  course ; 
through  this  point  and  C  draw  the  line  CB,  which  make  equal  to  the  distance  4H«  ;  draw 
BA  parallel  to  the  E.  and  W.  points  W.  K.  to  cut  the  meridian  in  A.  Then  will  CA  be 
the  difference  of  latitude  271.1,  and  AB  the  departure  405.8. 

BY  LOGARITHMS. 
By  making  the  distance  radius 
To  find  the  departure.  -   -  .  - 

As  radius  8  points  10.00000 


Is  to  the  distance  488 
So  is  the  sine  course  5  points 

To  the  departure  405.8 


To  find  the  difference  of  latitude. 
As  radius  8  points        •  lU.OOfXK) 
2.68842    Is  to  the  dislnncc  488 


9.91985 


So  is  co-sine  course  5  points 
To  the  difference  of  lat.  271.1 


2.68842 
9.74474 


 2.60827   

Now  as  the  ship  is  in  north  latitude  sailing  southerly  ;  fron>  the  latitude  left 


2.43316 
49^  57*  N. 

I^akc  the  difference  of  latitude  271.1=4  31  S. 

Gives  the  latitude  in  45  26  N. 


And  the  depwturc  from  the  meridian  is  405.9  miles. 


5*4 


BY  GUNTER. 

Extend  from  radius  or  8  pointfi*  to  ^  |K>tiits  on  the  line  marked  SK ;  that 
extent  will  reach  from  the  distance  488  to  the  departure  409.8  on  the  fine  of 

numbers. 

2dly.  Extend  from  radius  or  »  points  to  3  points,  the  complement  of  the 
course,  un  the  line  Sli;  that  extent  will  reach  from  tiie  disilauce  4tiU  to  tlie 
difference  4>f  faititude  £71  on  the  fine  of  numbers. 

Thus  may  all  the  operations  be  performed  fai  the  several  cases  of  Naviga- 
lion. 

By  this  case  are  calculated  the  tables  of  latitude  and  departure  (Tablf.s  I. 
and  U.)  for  evefy  decree,  point,  and  quarter  point  of  the  mariner's  coniuass, 
to  the  distance  of  300  miles.  By  the  inspection  of  these  Tables,  a  oay's 
work  may  he  calculated  in  a  much  more  expeditious  manner  than  hj  loga- 
rithms or  by  Hunter's  Scale.  In  consequence  of  thin,  the  method  by  mqp^- 
tioo  is  generally  used  at  sea  in  preference  ta  <;very  other  method. 

BY  INSPECTION. 

Find  the  given  course  at  the  top  or  bottom  oT  tiie  tables,  either  among  the 
points  or  degrees,  and  in  that  page,  against  the  distance  taken  hi  Its  conuDDt 
will  stand  th»;  differeiice  of  latitude  and  departure  in  their  columns. f 

It  must  be  observed,  that  in  using;  these- tables,  the  names  Dist.  Lat.  Dep. 
must  be  found  at  the  top  iS  the  course  is  found  there,  but  if  the  course  is 
found  at  the  bottom,  those  names  must  be  found  at  tiie  bottom. 

Thus  the  course  S.  W.  by  W.  or  5  points,  is  found  at  the  bottom  of  the 
table  of  difference  of  latitude  and  departure  for  points :  and  as  the  distance 
4tJy  is  too  great  to  be  found  in  the  tallies,  divide  it  by  2  (or  any  other  conve- 
nient number)  and  that  gives  244,  which  look  for  in  tlu^  distance  column,  and 
against  it  stand  135.5  for  the  difference  of  latitude,  and  fOt.9  for  the  depar* 
tare,  which  being  doubled  (because  divided  by  2)  give  £71  for  Uie  difference 
«f  latitude*  and  405.8  for  the  departure,  the  same  ^  before. 

CASE  II. 

Courte  and  difftrence  of  iatitude  givm^  to  Jind  the  distance  run,  and  departure 

frtm  the  mmdian* 

If  a  diipruns  S.  E-  by.E.  from  1^  45'  north  latitude,  and  then  by  observa* 
tionisin  ^  UV  south  latitude,  what  is  her  distance  and  departure? 

In  this  case,  as  the  ship  has  crossed  the  e<ju:itor,  the  sum  of  the  two  lati- 
tudes    4&'audii°  46'  is  the  dilicrence  of  latitude  4^  dl'=271  miles. 


BY  PROJECTION. 

DraW  BC=£71,  and  BA  making  .in 
angle  with  BC  equal  to  the  course  5  points,  "5 
or  56^  15';  draw  CA  perpendicular  to^f" 
BGbs'cutBAIn  A,  and  it  is  done;  forii^ 
OA  will  be  the  departures406,  and  ABi$ 

the  distances488«  _ 

C 

BY  LOGARITHMS, 
diff.  (^l&t.  BC  radius.         |  By  making  the  Dep.  AB  radius.t 
To  find  the  departure.  To  find  the  distaaee. 

As  radius  4  points  10.00000  As  co-5inc  course  5  points 

lMladlft  iiriat  971  ;  t.43S97 

8aislsni.ooune6pts,         '  io.i75il 



Tf  the  departure  405.6  9.60806 


U  to  the  diff.  of  hit  971 
So  is 


To  the  distance  487.8 


9.74474 

2.43297 
10.00008 

S.6888S 


*  Whra  the  coune  U  given  In  poinU,  make  use  of  the  Hnes  marked  sine  rhumb*,  aiKi  tangent  rhumbs, 
9m  tbf  upner  sideof  Uie  talei  wbcb  In  tlegrec*.  rnHkc  use  uf  tke  line*  marked  h'me  adU  tangrni. 
t  WhMikidistaMtliloograitMbefouBdiaUic  ubiM,yoii  vMdkvjaihbrij9^i,viu^ 
r,thtMMriimcon«qioiMyK  M  the  ^NlicBt  Miff  iMMpM 


t  BymaktngVO  mAttt  you 
tfM«noB  would  not  do  for  a  cl_,. 
be  ebfined  ta  dw  funowiog  caies. 


<  BMRjUt.  :  :  SecucCoufM 
wldckthcffe  baa  fiat  •reeceaii.  TUi 


tat 
iihhv  If  (o 


Digitized 


H^nce  the.  ship's  dbtaace  run  is  4B7.8  milest  and  her  dt-pariiiro  from  Uie 
meridian  is  405.6  easterly. 

BY  (JUNTER. 

Extend  from  radius  or  4  points  to  flie  course  5  points  on  the  line  nutrked 
TR,  tiiat  extttnt  will  reach  nrom  the  difference  of  latitude  171  to  the  depar- 
ture 405.0  on  thn  Wnv  of  numbprs. 

2dly.  Extend  fnirn  the  eomplemenf  of  the  course  t\  points  to  the  fculiiis  8 
points  on  the  line  SR^  that  extent  will  reach  from  tlie  difrereacu  of  latitude 
271  to  the  diftanee  488  oo  the  Ihie  of  nnmben. 

BY  INSPECTION. 
Find  tile  ooune  among  tlic  points  or  degrees,  and  the  difference  of  latf- 
tude  in  its  cotaniDt  againtt  which  will  stand  the  distance  and  departure  in 

their  columns. 

Now»  as  the  difference  of  latitude  271  h  two  jrreat  to  be  fniind  in  the  table*?, 
I  divide  it  by  and  that  gives  165.5  which  I  find  over  S.  E.  by  E.  or  5 
points  in  the  mtitade  cohmm;  ai^inst  that  stand  £44,  for  the  distance,  and 
202.9  for  the  departure;  which  multiplied  by  £  give  the  distance  488,  and  the 
departure  405.8. 

CASE  III. 

Coune  and  deparlurt  from  thr  nuridum  givtn,  to  Jiiid  iht  diaUmct  mid  dif- 

fennee  of  lalUuie, 

If  a  ship  sails  N.  E.  by  E.  |  E.  from  a  port  in  aP  15'  south  latitude,  until 
she  depart  from  her  first  meridiatf  406  miles,  I  demand  the  distance  Biiled» 
and  the  latitude  she  te  inf  , 

BT  PROJECTION. 

Draw  the  meridian  AB.  upon  which  B  Am.  4M  I!»  O 

erect  the  pen>endicnl;jr  BC,  and  not  off     '    *  

thereon  the  departure  406  easterly  from 
B  to  C ;  with  the  chord  of  60^,  on  C  as  a  hS 
centre,  describe  an  arch,  'and  set  off i,^' 
tiicreon  tlie  eoniplemertt  of  the  course 
DE ;  through  D  and  C  draw  the  line 
CDA,  cutting  tiic  meridian  in  tlie  point  A 

A ;  then  AC  measured  on  die  same  scale  before  used,  gives  the  disliiice  440, 
and  AB  19S,  the  difference  of  latitude. 

BT  LOOARITHMS. 

By  making  the  depsrtuie  BC  radius.  By  makiag  die  distance  AO  rsdlui. 

As  radiuB  4  points  10.00000 
k  to  the  dcparturs  406        *  8.60853 


8olBCO-lang.eoone5|ft9.         9.67483  So  b  ftdins  10.00806 


As  sine  coursn  r»3  pts.  9,95f»lf> 
Is  to  the  departure  106  ^.6085.) 


To  the  diif.  of  lat.  193  S.88336iTo  Qm  distance  449.1  2.65^7 

Vnm  the  Isftltnde  left  If 
SMadthediftnneeof  Istitnde  19tmilHsor  3  It  N. 

The  remainder  bsing  3,  shows  the  ship  is  in  the  latitude  of  0     3  6. 

BY  GUNTER.  * 

Extend  from  radius  or  4  points  to  the  co-course  2^  poinu  on  the  line 
marked  TR;  that  extent  will  reach  from  the  dqiarture  406  to  the  diStrem 

of  latitude  19£  on  the  line  of  numbers. 

Sdly.  Kxt»'nd  from  the  course  51  points  to  radius  on  the  sines,  that  ext<  nt 
will  reach  li^om  the  departtu-e  406  to  Uie  distance  440  mUes  on  the  line  of 
numbers.  ... 

BY  INSPECTION. 

Find  the  course  either  among  the  points  or  degrees,  and  the  departure  iji 
its  column,  against  which  will  Stand  the  distance  and  differfDco  of  wtitude  in 
their  respective  cohmms* 


0 


;Hi  PLANE  SAILING. 

Thus  with  (l)<"  rour-*!'      jMilnts,  and  half  Iho  dt-parture  iO;5*  I  liiid 
for  the  distance,  and  SJti.O  for  tlie  diflVrence  of  latitude,  which,  being  doubled, 
give  the  distance  449;  and  the  iSffemice  of  latitude  19t.O,  aa  before. 

CASE  IV. 

Dtnlani  e  and  difft  rcncr  of  latiludf  ^im  n,  to  find  the  course  and  dtpartutr. 

Suppose  a  sliip  sails  4H8  miles,  bi'tween  the  soiith  and  the  east,  from  a  port 
ill  2^  5ii'  south  latitude,  and  then  hy  observation  is  in  7°  23'  south  latitude; 
what  course  has  she  steered,  and  what  departure  baa  she  mad«? 

From  the  latitude  by  observation     "tat  take  2°  5£'  the  latitude  left,  the 
inainder  4^  dl's271  miles,  is  the  difference  of  latitude. 

BT  PROJECTION. 

A 

Draw  the  meridian  A 15  =  271  ;  upon  which  erect  — 
the  perpendicular  BC  ;  take  4QU  in  your  compasses, 
and  with  one  foot  on  A,  as  a  centre,  describe  an  <^ 
arch  cutting  BC  in  C;  join  A  and  C;  then  willKj 
BC  be  the  departure  40C,  and  the  angle  BAC  the^ 
courses 56^  16'  or  five  points  nearly.  q 

B 

BY  LOGAIUTHiMS. 

To  find  the  courK.  f  To  find  the  departure. 

As  the  diBtanee  489   •  2.68842lAii  ra<iiu'<  t0.4KNMO 

U  to  radiuH  lO.OOOOO  Is  to  tbo  distance  4flS  9.68843 

So  i«  the  Oit).  of  lat.  271  2.43297  ,So  u  sine  course  56^  16'  9.91993 


To  eO-onc  course  5f.'^  16'  9.74455  To  the  drparUiro  40f).R  SdMB35 

Hence  the  course  is  S.  £.  by  £.  and  the  departure  405.8. 

BT  QUNTCR. 

The  extent  from  the  distance  4C8,  to  the  dUT^rence  of  latitude  171  on  the 
line  of  inimbers,  will  reach  from  radius,  or  9<P  to  98^  44',  the  co-course  on 

the  line  of  sines. 

And  the  extent  from  radius,  to  i>tP  16'  on  tlic  line  of  «incs,  w  ill  reach  from 
the  dlttaott  488  to  the  departure  405.8  on  the  line  oT  numbers. 

BY  INSPECTION. 

Seek  in  tin-  tables  till  a^^ainst  the  distance  taken  in  itK  column  is  foimd  th*» 
ij^iven  diflen^nce  of  latitude  in  one  of  the  following  columns,  adjoining  to  it 
will  stand  the  departure;  which,  if  less  than  the  difference  of  ntRiide,  the 
course  is  to  be  found  at  the  top;t  but  if  greater,  the  course  is  to  be  found 

at  the  bottom. 

Thus  half  the  distance  244,  and  half  th»*  difference  of  latitude  iSf).;'*,  are 
found  to  correspouij  to  a  course  of  b  points  or  S.  E.  b.  E.  and  to  the  de- 
fMirtuni  202.9,  wnich  being  doubled,  ^tw  405.8,  as  before. 

*  CASR  V.  ' 

.  Jti^liinci  (utd  (hparture  !j;iv«  u,  to  find  tin  rovnt'  and  dijferenct  of  latitude. 

Suppose  a  ship  sails  4}!{!  niile«  between  tin-  north  and  west,  from  the  lati- 
tude of  Zj  north,  until  her  departure  is  40i»  miles,  wliat  course  has  she 
Steered,  atad  wha^  latitude  is  she  in? 

*  The  nearest  numliers  in  llie  ta>4e  nre  .'02.SsimI  9DS.4,  and  a$  the  number  503  U  nrnrly  ■  mran  of 
Htctc  two  values,  I  take  the  mean  221.5  of  the  cnrmpondinp  Hiitaiion  tH,  235.  and  the  mnui  96  of  Uie 
Mm^nadiiuc  Jopamirr*  W.8  and  98.2;  tbctc  doobM  ;i«e  the  ir«» dlMBBce 448) aad  dffMurtwv  19L 

t  Itnmaliwb*  iNMrnawMlwr  tlweiMnelwMilMaMtht«4pwMlaHi«rawtm  tf  olwrf  Iwf 
WMlkar  iw  <Bftwc«  of  htlSHir  and  dcpMlwv  emrgipond  with  the  narilt  at  the  tiip  or  holism. 
Thna UW  hilf  dtolycg  244,  and  half  ditTri^nrp  of  Ut!tiiil«>  correspond  In  the  course  5  nnfou, fwcau^e 
tho  cArm  to  irtdch  \Xt^  u  found,  is  marlicd  latitude  at  the  tiottom ;  Uic  tame  laaj  be  twicrved  in  tlif* 
Mlowlaf  ( 
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BY  PROJECTION. 

Draw  the  lino  AB  equal  to  the  departure  405, 
and  perpendicular  thereto  the  line  BC  to  repre-A? 
sent  the  mcridiiii,  dien  take  the  distanoe  488  in  3j 
your  compaaeeSf  and  fixing  one  Ibot  in  A  as  a  cen- 
tre, describe  an  arch  cutting;  BC  in  C,  join  AC  and 
it  is  done ;  for  the  angle  ACB  will  he  Lhe  course, 
and  BC  the  dUTerence  of  latitude. 


BY  LOGARITHMS. 


.  To  find  the  courBe. 
As  tbe  diatuwe  488 

Is  to  radius 

bo  18  the  depurtore  405 


I      To  find  the  difierence  of  latitude. 

2,68342' .\a  radius  10.000(10 
10.00000' I-  to  the  di-tance  48S  2.63842 
2.6074b.So  ifl  co-sinc  course  56'  6'  9.74644 


i 


Td  the  sine  of  course  S6°  e  9.91904  To  the  diiT.  of  latitude  272,2  <.4S486 

Hence  the  course  is  \.  oc^  8'  W.  or  N.  W.  by  W.  nearly. 

To  the  latitude  sailed  frum  e.O'  add  ilit-  difference  of  latitude  Stl^  or 
4^  32',  the  sum  96^  57'  is  the  latitude  the  hhip  ia  in. 

BY  GUNTER. 

Extend  from  the  distance  488  to  tlie  departiu-c  40^  on  the  line  of  numhers, 
thst  extent  will  reach  from  radius  to  the  eourse  5fO  §'  on  the  line  of  afaies. 

Sdly.  Extend  from  radius  to  the  complement  of  the  course  S5^  04'  oil 
the  line  of  sines,  that  extent  w  ill  reach  frum  the  distance  488  to  the  differ- 
ence of  latitude  272  on  the  line  of  numbers. 

BY  INSPECTION. 

Seek  in  the  tables  till  aj^ainst  the  dist;uice,  taken  in  its  column,  is  found  tbe 
KiTen  departure  in  one  of  the  following  columns ;  adjoining  to  it  will  stand 
nut  diflference  of  latitude;  which,  if  nreater  than  the  cfeparture,  the  course  Is 
to  be  found  at  the  top;  but  if  less,  the  conrse  is  to  be  found  at  the  bottom. 

Thus  half  the  dLntance  244,  and  half  tlje  departure  £0-2, r»,  a^ree  nearly  to  ;i 
course  of  0  points  or  N.  W.  by  W.  and  a  difference  of  latitude  1S5,^,  which 
beiag  doubled,  is  171,  the  diiiefeBee  of  latitude,  nearly  as  beft»e.  . 

CASE  VI. 

Dijkmiee  ofLaHtuieand  Departure  giom  to  Jbui  tht  Cmm  mid  Dbkmcf. 

A  ship  sails  betweep  the  north  and  west  till  her  difference  of  latitude  \a 
ftl  miles,  and  her  departure  is  408  miles;  I  demand  her  course  and  dis- 
Qmcet 

BT  PROJ£CTION. 


Draw  AB=271,  and  perpendicular  to  it  C 
BC=:40G;  join  C  and  A;  then  wi41  the  angle 
CAB  be  the  coursess580  ir*  and  AC  the  dis- 
tan6ess4B6  miles. 


Departure  406.  B 


Vs  fad  the 

AsthediftoflstitedeSri 

Is  to  radius 

So  u  the  departure  406 
To  tang,  of  coune  56*^  17' 


BY  L06ABITHBIS. 

To  And  the  distanceii 

2.43297lAs  radius 


10.00000 
2.60853 


10.17556 


Is  to  the  diiT.  oflatidide  271 
So  is  sec.  of  course  56"^  17' 

To  the  di.>itancc  48S.8 


S.43897  4 
10.85S64  • 

3.68861 


Hence  her  course  N.  ifP  IT  W.  or  N.  W.  by  W.  and  the  distance  saiTell 
is  438.2  mile?. 

K 
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BY  GUNTBR. 

Extend  from  thr  difference  of  latitude  271  to  the  departure  406  on  the  Vmr 
of  numbers,  tliat  extent  wUl  reach  from  radius  to  56^  17'  the  course  oa  the 
line  of  tangents. 

Sdly.  For  the  dlttanoe  we  must  consider  it  as  nidins  (unlefls  there  is  * 
line  of  secants  on  the  scale)  and  extend  from  the  course  56^  17'  to  the  radius 
•or  90^  on  the  line  of  <;ines,  that  extent  will  reach  from  the  departure  4O0«  to 
the  distance  488  on  the  line  of  numbers. 

BY  INSPECTION. 

Seek  in  the  laMrs  till  the  p:lven  differencp  of  latitude  and  drpnrture  arc 
found  together  in  their  respective  columns,  then  ajj;ain?t  them  will  he  the  dis- 
tance in  its  column,  and  the  course  will  he  found  at  the  top  ol  that  table  if 
the  departare  be  less  than  the  differenee  of  latitude,  otherwise  at  the  bottom. 

Thus  with  half  the  difference  of  latitude          and  half  the  departure  lOSr 
enter  the  tables,  and  these  numbers  will  be  found  to  correspond  nearly  to  5 
points  or  N.  W.  by  VV.  course,  and  a  distance  equal  to  ^44  miles,  which  being 
doubled  gives  the  sought  distance,  4B8. 

Qtiestions  to  txrrcise  the  Itarmr  in  the  Jbregoing  Ruhs. 

(Iwstion  I.  A  ship  in  2^  10'  south  latitude,  sails  N.  by  E.  89  leagues; 
what  latitude  "  she  in,  and  wliat  is  her  departure  ? 

Anncer.    l^atitude  in  2°  12'  N.  and  departure  17,36  leagues. 

Qnwfton  II.  A  ship  sails  S.  8.  W.  from  a  port  in  41^  SO'  north  lati- 
tude, and  then  by  observation  is  in  86^  north  latitude ;  I  demand  the  dis- 
tance run  and  departure  ? 

Answer.   Distance  run  98,5  leagues,  departure  37,7  leagues. 

questkmm.  A  ship  sails  S.S.  W.  iW.  from  a  port  m  f08<K  south  lati- 
tude, until  her  departure  be  59  leagues;  I  demand  her  distance  run  and 
latitude  in  ? 

Ansioer.    Distance  run  12:), -2  leagues,  latitude  in  8^  V  south. 

Qu€«<ton  IV.  If  a  ship  sail  d60  miles  south  westward  from  2.1^  139'  south 
latitude,  until  by  observation  she  be  in  S4^  49^  south  latitude,  what  is  her 
course  and  departure? 

Anstper,  The  course  is  S.  W.  by  W.  half  W.  or  S.  61^  49'  W.  and  her 
departure  from  the  meridian  is  317,3  miles. 

QuesHm  V.  Su|^pose  a  sliip  sails  Sb-i  miles  nortti  eastward  from  9^ 
south  latitude,  untd  her  departure  bs  150  miles,  what  is  her  course  and 
latitude  in? 

Anstoer.   Her  course  is  N.  25^  4'  £.  or  N-      £.  k  £>  nearly,  and  she  is 
in  latitude  3^  IS'  N. 
Qiieifiofiyi.  Suhng  between  the  north  and  the  west,  from  a  port  in 

1^  59'  south  latitude,  and  then  arriving  at  another  port  in  4^  8'  north  latitude, 
>vhich  is  209  miles  to  the  westward  of  the  first  por^-1  demand  the  COllipe 
fnd  distance  from  the  first  port  to  the  second  ? 

Anstoer,  The  course  is  N.  29^  40'  W.  or  N.  N.  W*  i  W.  nearly,  and  the 
dirtanee  of  the  ports  is  4tt,4  miles,  or  140,8  leagoeik 

Q,7wstion  VII.  Four  days  ago  we  were  in  lat.  3°  25'  S.  and  have  since 
that  time  sailed  in  a  direct  course  N.  W.  by  N.  at  the  rate  of  8  miles  anhour; 
reqilifedour  present  latitude  and  departure? 

Anutea.   Latitude  in  7<^  1 4' N.    Departure  426,7  miles. 

<lue8tim\  III.  A  ship  in  the  Utitude  of  3^  5€'  S.  is  bound  to  a  port  bearing 
N.  W.  by  W.  i  W.  in  the  latitude  of  4°  30'  N.  how  far  does  that  port  lie  to 
the  westward,  and  what  is  the  ship's  distance  from  it? 

Answer.  The  port  Ues  039,2  miles  to  the  westward,  and  the  direct  distance 
lOOftHdles. 

^htestion  IX.  A  ship  from  the  latitude  of  480  it*  N.  sails  S.  W.  by  S. 
until  she  has  depressed  the  north  pole  2  degrees;  %vhat  direct  distance  has 
ahfe  sailedi  and  how  mnny  miles  has  she  got  to  the  westward  ? 

Ammr,   DisUnce  run  1 44,3  miles,  and  has  got  to  the  westward  80,2  miles. 


* 
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TRATERSE  SAIUN«S. 


A  TRAVERSE  is  an  irrp$;u)ar  track  which  a  ship  makes  hy  sailing  uii 
«eTeniidUier»Dt  courses;  the»H  are  reduced  to  a  single  course  by  meant  of 
two  or  more  <  as(  f<  of  Plane  Sailing,  either  by  geometrical  conatriietioD,  or 
by  arithmetical  calculation." 

The  geometrical  coubtruclion  is  performed  as  follows :  Describe  a  circle 
Mllth  the  ehord  of  00^,  to  repment  the  eompaas,  and  lay  oif  on  iti  drcmnf^ 
rencii  the  various  coimee  sailed.  From  the  centre,  upon  the  first  course  set 
tiff  the  first  distance,  and  mark  it**  rxtrrmity :  thrfmi:;lt  thin  extremity,  and 
parallel  to  the  second  course,  draw  the  second  dibUuice  of  its  proper  leugtli; 
through  the  extremity  of  the  second  distance,  and  parallel  to  the  third  course, 
^aw  the  tUrd  distance  of  its  proper  length;  and  thug  proceed  till  all  tfie 
■distances  are  drawn.  A  line,  <lr.i\'  i:  from  the  extrrmity  of  the  last  distance 
to  the  centre  of  the  circle,  will  r»  })ies«Mit  th<'  distance  niad«'  pjood ;  a  line, 
•drawn  from  the  same  point,  perpendicular  to  the  meridian,  will  represent  the 
departtne;  and  tiie  part  of  the  meridian  intereepted  between  tms  and  tiia 
centrei  will  represent  the  difference  of  latitude. 

The  arithmetical  calculation  to  work  a  traverse  is  as  follows ;  Make  a  tra- 
verse table  consisting  of  six  columns;  title  them.  Course,  Dist.  N.  S.  E.  W. 
Iteginat  the  left  side,  and  write  the  given  courses  and  distances  in  their  re- 
^petethre  columns.  Find  the  difference  of  latitude  and  departure  for  each  of 
these  courses,  by  Guntr  r's  Scale,  or  by  Tables  I.  or  11.  (as  in  Ca^o  I.  Plane 
Sailiii)!,)  and  writi'  t!i«  in  in  thi'ir  pro|K  r  roUnnns;  that  is,  wIh  ii  tli*'  roursr  is 
southerly,  the  difference  of  lutitudt-  must  h*^  set  in  the  culunm  S.  when 
northerly  in  the  column  The  departure,  when  westerly,  in  tiie  cohmm  «  ^ 
W.  and  when  easterlv  in  the  colunm  K.  .\dd  up  tlie  columns  of  northing, 
southing,  eastiniKi  and  westing;  take  tbo  diffiTenee  belwrrn  the  northing anel 
southing,  and  also  between  the  easting  and  westing;  tlu*  former  difference  . 
will  be  the  difference  of  latitude,  which  will  l>e  of  the  same  name  as  the 
and  the  latter  will  be  the  deuarture,  which  will  be  also  of  the  aaim 
as  the  greater.  With  this  difference  of  latitude  and  departutfe,  tb^ 
course  and  distance  made  good  are  to  be  found  as  in  Case  Vlt  PJane  Sailings 

EXAMPLE  T. 

Suppose  a  ship  takes  her  departure  from  Blook  Island,  in  the  lalitl»d^  rff 
41^  10'  N.  the  middle  of  it  bearing  N.  N.  W.  distance  by  estimation  S  leagues, 
and  sslto  S.  E<  94«  W.  by  8.  16,  W.  N.  W.  SH,  and  8.  by  E.  40  irilea;  ie« 
quired  the  latitude  sh»  bn^  and  her  bearing  and  distmeefroitf 

_  *  _ 

*  This  method  of  rsdneing  compound  couvsea  to  a  sinf^  one  ii  perfectly  accurate  ia 
."ailing  on  a  plane,  and  is  titiarly  so  in  sailing  a  short  distance  on  the  spherical  surfarr 
of  the  earth ;  aud  though  in  this  case  it  is  Uabfe  to  a  small  error  in  latitudes,  yet  iu 
faneial  thsjnle  is  aaflicitntly  accurate  Ihr  leducfaig  the  lefeiil  coniscs  ai4  dbteiices 
ssHed  hi  one  day  to  a  sbigle  eoarw  and  diitanor* 
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BY  PROJECTION. 

L*'t  L  reprpsrnt  thn 
middle  of  Block-Isl- 
and; draw  (he  meri- 
dian LM,  and  on  L  ns 
a  centre,  with  a  chord 
of  60°,  describe  a  cir- 
cle to  represent  the 
compass,    on  which 
mark     the  various 
cour^jes   sailed,  and 
the  bearing   of  thf 
land  at  the  time  of 
taking  the  departure; 
opposite  to  this  hear-j^ 
ing  draw  tiie  S.  S.  E.-*^ 
line  LA,  which  make 
equal  to  15  miles,  the 
estimated  distance  of 
the  land;  then  will  A 
r<*prf  sent  the  place  of 
the  Hhip  at  the  time  of 
taking  the  departure  : 
through  A  draw  AB= 
S4  miles  parallel  to  the 
S.  E.iine;  then  wilIB 
be  the  place  of  the 
ship  after  sailing  her 
first  course;   in  like 
manner  draw  BC  =  I6 
miles  parallel  to  the 
W.  bv  S.  line:  CD  = 
.S9  miles  parallel  to  the 
W.N.  W.line,andDE 
c=40  miles  parallel  to  the  S.  by  E.  line;  then  will  E  represent  thr>  place  of 
the  ship  after  sailing  her  several  courses.    Join  EL,  and  draw  EM  perpen- 
dicular to  LM;  then  will  LE  be  the  distance  of  Block-Island  66.8  miles,  and 
the  angle  ELM  =  12°  16'  will  be  the  course  made  good,  LM  the  diftcrencr 
of  latitude,  and  EM  the  departure. 

TO  FIND  THE  SAME  BY  LOGARITHMS. 
For  the  first  cotirse  S.  S.  E.  1.^  miles. 


To  find  the  difference  of  latitude. 
As  radius  90^  10.00000 
Is  to  distance  15  1.17609 
So  is  co-sine  course  2  points  9.96562 


T*  Diff.  lat.  13.9 


For  departure. 

\a  radius  90° 

Is  to  distance  15 

So  is  sine  course  3  points 


1.14171  To  departure  5.7 
Second  course  S.  E.  34  miles. 


For  difference  of  latitude. 
As  radius  9<P  10.00000 
Is  to  co-sine  course  45P  9.84949 
^  is  distance  54  1.53148 


To  difi*.  latitude  24 


For  departure. 

As  radius  90- 

Is  to  sine  course  45^ 

So  is  dbtance  34 


For  difference  oC  latitude. 
As  radius  90°  *  lO.OOOOO 

Is  to  co-sine  course  78°  45'  9.29024 
So  is  distance  16  1.20412 


1.38097  To  departure  21 
Third  course  W.  by  S.  16  miles. 


To  difT.  latitude  3.1 


For  departure. 
As  radius  90^ 
Is  to  sinc-course  78°  45' 
So  is  distance  16 


0.49436  To  departure  15.7 


10.00000 
1.1760^ 
9.58284 

0.75893 


10.00000 
9.84949 
1.53148 

1.3S097 


10.00000 
9.99157 
1.20412 
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Fourth  coune  W-  N.  "W.  89  miles. 

For  dideceoce  of  huiiade.  I  For  deptftiiR. 

.\s  radiiifl  90<3  IO.OOOOOIAs  radiift  9(P 

b  to  co-«oe  course  67>  36^  9. 582S4  Is  to  sine  eoiine  ^  9Sf 

SosdMtaiiM  39  1  r>')i06SoiB(lHtBiiee  39 


lar.  lit.  14.9 


1.17390 


To  dflfutnre  36 


For  difloieiieo 

Asrdiiu903 

amll<»li^ 
40 


JJ^fth  conne  S*  by  E.  40  miles. 
oiCtitade. 


lo.ooooa 

9.99167 


TvdiCIat  39.9 


For  dopoftue* 

A«  radius  90° 
b  to  tkie  taam  11^  IfiT  • 


1.60SOC  8o  it  diitaiieo  40 


1.69363[To  departure  7.8 


10.00000 
9.96r)t»2 

i.5'jia6 
1.66M 


10.00000 
9.99QS4 
140006 

0.89230 


Though  this  method  of  finding  the  difTerrncp  of  latitude  and  departure  by 
iogntlims  is  accurate,  yet  the  calculations  may  l)e  more  easily  made  by  the 
tUMiof  Wbmice  of  latitude  and  departure,  as  in  Case  I.  Plane  Sailing. 


TRAVERSE  TABLE. 


Place  all  these  courses,  distances,  &i,c. 
ID  the  trarerse  table,  then  add  up  all  the 
wiiliBfi,  CMfkigt*  northings,  and  south- 
ings, sepMltely,  and  set  down  their  re- 
spective sums  at  the  bottom  of  each  co- 
lumn ;  and  as  the  westing  is  greater  than 
the  easting  subtract  the  easting  there- 
ftom;  the  diflenaee  14»£sheira  that  the 
sUjp's  dejiartmie  k  flo  much  west  of  her 
ifst  mefMlian. 


Counes. 

Dist 

Diff.  Lat. 

Departure 

N. 

S. 

E. 

W. 

&S.  B. 

S.  E. 
W.  by  S. 
W.  N.  W. 
S.b7B. 

16 
34 

16 
39 
40 

14.9 

13.9 
24.0 
3.1 

39.2 

5.7 
24.0 

7.3 

15.7 
36.0 

From  sum 

80.2 
14.9 

37.5 

51.7 
37.5 

Rests 

65.3 

14.S 

Again,  tlie  southing  being  greater  than  the  nortliing,  subtract  the  northing 
Hmn  it,  and  the  remainder  66.0  shews  how  ftr  the  ship  is  to  the  southward 
ef  her  int  pbee. 

Te  ind  the  direct  course  or  beaiiof  of)     To  Had  tlis  distance  of  lbs  UsndL 

Block  Island  firem  the  ship, 
isfke  di£  bt.  65.3  l.Sl49lUs  une  of  course  12'^  16' 

Itl»f^iM4SP 
Seislhs4Bpanaiel4.S 


10.00000  Is  to  the  departure  14,9 
1.16039  So  is  rsdins90P 


T^lsng.  course  12-  16' 


9.3373tJ 


because  the  dilTcrcnoc  of  htitudc 
>  iMthciij,  and  the  departure  iresterlv, 
h  «.  19»  i6r  W.  Whenee  Block  Isiaod 
bean  from  fho  sUp  N.  139 16' E.  or  N.  by 


To  the  diataacc  66.8 


9.327£3 
1.15829' 
10.00000 

1.8250k 


BY  INSPFXTION. 
ttie  CMne  and  distance  by  Case  VL 
of  Plane  SaOuii. 


^o 


EXAMPLE  n. 

AsUpfrom  Mouat-Deaert  Rock,  in  tiie  latitude  of  43^  bi'  N.  sails  for 
GipeCod  In  the  latitude  of  4tO  o^  N.  its  departure  lirom  the  meridian  of 

Mouot-Desert  Rock  being  supposed  to  be  84  miles  west;  but  by  reason  of 
contrary  winds,  sh<>  is  oblig;ed  to  sail  on  the  following  cotirsps,  viz.  South  10 
W.  S.  W.  20  miles,  S.  W.  .iO  iriitrs,  and  W.  eo  miles.    R("<}uired  the 
■Mrio^  and  distance  of  the  two  places,  tlje  course  and  distance  sailed  by  the 
fi^k  mid  the  bearh^  and  distanee  of  hei  intended  |io^l 
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TRAVERSE  SAILING. 


BY  PROJECTION'. 
LaU  Mount- Desert  Rock   -13-  S-i'S. 
Lat.  of  Cape  Cod  42  5%. 

Diff.  of  lat.  I    17=107  1111108. 

Let  C  represent  Mount-Desert  Rock,  draw  the 
meridian  CF,  which  make  equal  to  107  milcii  the 
difierence  of  latitude  between  the  tiro  places  ; 
and  per- 
pendicular 
thereto  the 
line  FE  e- 
qual  to  the 
departure 
84  miles, 
then  is  E 
the  place  of 
Cape  Cod. 
With  the 
chord  of 
60^  sweep 
about  the 
centre  C,  a 
circle  E.  S. 
^V.  to  re- 
present the 
compass,  & 
upon  it  note 
the  various 
courses  sail- 
etl.  The 
first  course 
being  South 
the  distance 
10  miles  is 
act  off  from 

C  to^vards  F  upon  the  meridian,  and  this  point  reprcFcnts  the  place  of  the  ship  aflcr 
sailing  her  first  coure ;  continue  setting  off  tlie  various  cour.''cs  and  distances  as  in 
the  last  example,  viz.  W.  S.  W.  25  miles,  S.  VV.  30  miles,  and  West  20  miles  to  the 
point  A  ;  then  will  A  represent  the  place  of  the  ship  aAer  sailing  these  courses.  Join 
CE,  AC,  AE  ;  draw  AB  perpendicular  to  the  meridian  CF,  and  AD  parallel  thereto: 
then  will  AC=76,2  miles  be  the  distance  made  good,  AE=69,1  miles  the  distance  of 
Cape  Cod  from  the  ship  j  CE  the  distance  of  the  two  placc5=136  miles ;  ACB=57^  36', 
the  course  made  good  ;  EAD=I6^  34' the  course  to  Cape  Cod,  and  ECF  the  course 
from  Mount-Desert  Rock  to  Cape  Cod=38^  S',  &c. 

BY  LOGARITHMS. 
To  find  the  bearing  and  distance  of  the  two  places  by  Ca^c  VI.  Plane  Sailing. 

To  find  the  bearing.  |  To  find  the  distance. 

Asdiff.  oflat.  107  2.02938!As  radius  90**  10.00000 

Is  to  radius  45"  10.00000,1s  to  diff.  of  lat.  107  2.029.1S 

&»  is  departure  81  1.92428  So  is  sec.  course  3S 8'  10.10426 


To  tang,  course  33^  8'  9.89490iTo  the  distance  136 

''Whence  the  course  from  Mount-De!»ert  Rock  to  Cape  Cod  is  S.  38 
136  miles.    The  same  may  lie  found  by  llie  scale  or  by  inspection. 

TRAVERSE  TABLE 

The  diffidence  of  latitude  and  doparture 
for  the  several  courses  being  calculated,  by 
Case  I.  Plane  Sailing,  and  arranged  in  tlie 
traverse  table,  it  appears  that  the  difference 
of  latitude  made  good  hy  the  ship  is  40,8 
miles ;  and  the  departure  64,3  miles  ;  then  by 
Case  VI.  Plane  Sailing,  these  numbers  are 
fbund  to  correspond  to  a  course  of  S.  57°  36', 
W.  and  distance  76,2  miles. 


2.13364 
8'  \V.  distance 


Courses. 

Dbt 

Diff.  Lat. 

Departure. 

N. 

S. 

E. 

W. 

South. 
VV.  s.  w. 
S.  w. 

VV. 

10 
25 
30 
20 

lO.O 
9.6 
21.2 

23.1 1 

21.2 

20.0 

'Diff.  I^t.  40.8 

Dep.  64.3 

Dicjitizcd  by 


TRAVEltSk  SJdUSO. 


Subtract  tlu*  diffVroncr  of  latitude  madef^ood  hy  the  ship  40,8  miles,  front 
tile  whole  difference  of  latitude  107  miles,  and  Uiere  remain  66,£  miles^ 
which  is  the  differenee  of  latitude  between  the  ship  and  Cape  Cod.  In  the 
same  manner  by  subtracting  the  ship's  departure,  64,3  miles,  flromthe  whdin 
departure,  84  mih's,  there  romaln  19,7  niilrs  for  the  departure  between  the 
ship  and  Cape  Cod.  With  this  diflt-Ti  ncr  of  latitude,  06,2,  and  departure, 
19,7,  the  beariug  of  Cape  Cod  is  found,  by  Case  VI.  Plane  Sailing,  S.  16*^ 
94'  W.  and  its  mstanoe  69*1  miles. 

All  the  preceding  calculations  may  be  made  by  lof^thms,  by  the  scale, 
or  by  inspection.  But  we  shall  leave  tht>m  to  exerdse  the  learner;  and  for 
the  same  purpose  shall  add  the  following;  example. 

EXAiMPLE  III. 

A  ship  in  the  latitude  of  37^  10'  X.  is  bound  to  a  port  in  the  latitude  of 
55®  0'  N.  which  lies  180  miles  weat  of  the  meridian  of  the  ship;  but  by  rea- 
son of  contrary  winds  she  sails  the  following  courses,  viz.  S.  W.  by  W.  £7 
miles— W.  S.  W.  ^  W.  80  miles— W.  by  S.  S5  miles— W.  by  If.  It  miie»— 

S.  S.  E.  32  miles— S.  S.  E.  I  E.  97  miles— S.  by  E.  «5  miles— S.  31  miles, 
and  S.  S.  E.  39  miles.  Required  the  latitude  the  ship  is  in,  and  her  depar* 
ture  from  the  meridian,  with  the  course  and  dist.inri^  t«>  her  intendt  d  port? 

TRAVEKSK  TABLE. 


The  difference  of  latitude  and  de- 
parture made  on  each  course,  are  ^i- 
vc»  in  the  adjoined  traverse  table; 
hcDca  it  appears  that  the  difference  of 
latHnde  made  good  n  169.4  miles,  the 
departure  47.4  miles,  and  by  Case  VI 


Plane  Saiiinj;,  the  course  S.  I.*)*^  .S8' 
W.  and  diiitance  170.9  miles;  and  the 
course  to  the  Intended  port  8.  i99  4t 
W.  distance  155.2  miles;  the  latitude 
beug  in  34®  tV  N. 


PARALLEL  SAILING. 

IN  Plane  Sailing  the  earth  is  considered  as  an  extended  plane,  but  this  sup- 
position ib  very  erroneous,  because  the  earth  is  nearly  of  a  spherical  iiguie, 
n  whidi  the  meridians  aU  meet  at  the  poles,  consequently  the  dbtanc*  of 
any  t^o  mtfftdiint  measured  on  a  paradlel  of  latitude  (which  balance  is 
called  the  meridian  distance)  decreases  in  procei  dinp;  from  the  equator  to 
the  poles.  To  illustrate  this,  let  PB  represent  tiie  semi- 
axis  of  the  earth,  B  the  centre,  P  tlie  pole,  PC  A  a  quadrant 
6f  the  meridian,  AB  the  radhis  of  the  equator,  and  CD 
(parallel  thereto)  the  radius  of  a  parallel  of  latitude.  Then 
it  is  evident  that  CD  will  he  the  co-sine  of  AC  or  the  co- 
sine of  the  latitude  of  the  point  C,  to  the  radius  AB:  now 
if  the  quadrantal  arch  PC  A  be  sum)osed  to  roTolve  round 
the  a»8  PB«  the  point  A  will  describe  the  drcumference  of 
the  equator,  and  C  the  circumference  of  a  parallel  of  UilHii<h';  and  the  for- 
mer rTrruinfrronrc  will  hv  to  the  latt-T  as  ABto  CD  (a« may  easily  b«;  deduced 


*  Isftead  of  putUsf  die  count  8*  8>  M 
Bl)r,MiBflBllB.S.fi.7i  nttcs. 


aula,  aadtf.  8*  B.  80  afli^  7M  nlfkltsnkt  oM  «nv 
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from  Art.  LV.  Geometry;)  that  is,  as  radius  to  tho  co-sine  of  the  latitude  or 
the  point  C :  heace  it  follows,  thai  tiie  length  of  any  arch  of  the  equator  in< 
'  tereepted  Ketween  two  meridiuis,  is  to  the  length  of  a  corresponding  arch 
of  any  parallel  intercepted  between  the  same  meridiaiis,  as  radius  is  to 
tin  co-Moe  of  tlie  latitude  of  that  paralleL  Uenoe  we  obtaiii  the  foUowiog 
theorems. 

THEOREM  I. 

The  circumferenct  of  the  equator  is  to  the  eircumferenee  of       other  parallel 

THEOREM  n. 

Am  ffte  length  of  a  degree  of  the  tquaior  it  te  tAe  maridkm  Htbmee  earra^^ond- 
(ng  to  a  degree  on  any  aiiir  paraUd  ofUUUndtf  90  ia  radtw  to  t^  co-ame  of 
tkaivmmofkaiilhidt. 

THEOREM  HI. 

As  radius  is  to  the  co-sine  of  an\j  latitude,  so  are  the  miles  of  difference  of 
longitude  between  two  meridians  (or  their  diaUmce  in  milts  upon  the  equator) 
taS^.ManeeafU^lwonimdkmamihtUp^  mmiki» 

THEOREM  IV. 

A»  flkeeo^tim  o/ony  bOUiiie  ti  toroihu^  so  It  fJkf  kngtii  of  my  «rel  m  Aat 
parallel  of  latitude  fiaktup^  Aefisem  two  -.ntridiafuj  in  miles  to  tie  UngOk 
•fa  nmUar  arch  on  ffte  egaiator,  or  maZet  ofdi/erenet  ofUngUitde. 

THEOREM  V. 

As  the  the  eo-smt  of  any  latitude  is  to  the  co-sine  of  any  other  latitude,  so  is  tht 
length  of  any  arch  on  the  first  pawUel  of  latiiude  in  miUSf  to  the  length  of  the 
iOJne  arch  on  the  other  in  miles. 

By  means  of  Theorem  II.  the  following  Table  was  calculated,  which  shows 
the  meridian  distance  corresponding  to  a  deeree  of  lon^^itade  m  every  lati* 
tude :  and  may  be  made  to  answer  for  any  degree  or  minute  by  taking  pro* 
portional  parts. 

The  foUminng  Table  sivews  for  every  des^ree  of  latitude  hott?  many  miks  diatant 
the  two  meridians  are,  whose  difference  of  longitude  is  one  degree. 


D.  L. 

MILES. 

D.  L. 

MILKS. 

D.  L. 

MILES. 

U.  L. 

MILKS. 

I>.  L. 

MILES. 

1 

59. 

99 

19 

56. 

73 

37 

47. 

92 

55 

41 

73 

17. 

54 

59. 

96 

20 

56. 

38 

38 

47. 

28 

56 

33. 

55 

74 

16. 

54 

8 

59. 

9f 

21 

56." 

01 

S9 

46. 

6S 

57 

82. 

68 

75 

15. 

59 

4 

$9. 

85 

22 

55. 

63 

40 

45. 

96 

58 

31. 

80 

76 

14. 

52 

5 

59. 

77 

23 

55. 

23 

41 

45. 

23 

59 

30. 

90 

77 

13. 

50 

6 

59. 

67 

24 

54. 

81 

42 

44. 

59 

60 

30. 

00 

78 

12. 

47 

7 

59. 

55 

25 

54. 

38 

43 

W. 

88 

61 

29. 

09 

79 

11. 

45 

8 

59. 

.42 

26 

53. 

93 

44 

43. 

16 

62 

28. 

17 

80 

10. 

42 

9 

59. 

26 

27 

53. 

46 

45 

42. 

43 

63 

27. 

24 

81 

9. 

39 

10 

59. 

09 

28 

52. 

98 

.46 

41. 

6B 

64 

26. 

SO 

82 

8. 

35 

11 

r>o. 

90 

£9 

52. 

48 

47 

10. 

92 

65 

25. 

03 

7. 

31 

12 

58. 

69 

no 

51. 

96 

48 

40. 

15 

66 

24. 

40 

84 

6. 

27 

IS 

58. 

46 

SI 

51. 

43 

49 

39. 

36 

67 

23. 

44 

85 

5. 

23 

14 

58. 

22 

S2 

50. 

88 

50 

38. 

57 

68 

22. 

48 

86 

4. 

19 

15 

57. 

96 

33 

50. 

32 

51 

37. 

76 

69 

21. 

50 

87 

3. 

1  ] 

16 

57. 

68 

3^ 

49. 

74 

52 

S6. 

94 

70 

20. 

52 

88 

t» 

09 

17 

57. 

d8 

35 

49. 

15 

53 

36. 

11 

71 

19. 

53 

89 

1. 

05 

18 

57. 

06 

36 

48. 

54 

54 

95. 

27 

72 

18. 

54 

90 

0. 

00 

When  a  ship  sails  east  or  west  on  the  surface  of  the  earth  supposed  to  l»o 
spherical,  she  describes  a  paralM  of  latitude,  and  tliis  is  called  Parallel  Sail- 
ing.  Id  tins  case,  the  distance  sailed  (or  departure)  is  equal  to  thodistanow 

between  the  meridians  sailed  from  and  arrived  at  in  that  parallel,  and  it  i^ 
easy,  by  Theorem  IV.  (preceding)  to  find  the  difference  of  longitude  from  tlu» 
distance,  or  the  distance  from  the  dilTcrence  of  longitude,  as  will  appear 
plain  by  the  following  examples. 


PARALLEL  SAILING. 


4i5 


CASE  I. 

Thi  difference  of  longitude  hefwem  ttco  place$  m  Ae  iome  parallel  of  latitude 
being  fc'n^iu  !>>  find  the  distance  between  them. 
Suppose  a  ship  in  the  latitiiil*^  of  4!»o  80'  north  or  south,  s;iils  din-ctly  fas- 
or  vi  i'Bt  until  her  differeuce  of  longitude  be      30',  required  Uie  didlauct 
wiled  / 

BY  PROJECTION. 


P 

A 


\ 


Fig:* 


\ 


V/  .\f^- 


Take  the  sine  of  90^  from  the  Plane  Scale,  ajjd  wilh  one  foot  of  thecoiji- 
pasaes  on  P  (Fig.  1)  as  a  centre,  describe  the  arch  EQ ;  with  the  differvnee 
of  longitude  210  miles  in  the  compaHsrs,  and  ono  foot  in  E,  as  a  centre,  de- 

srrihc  nn  arch  ruttiny;  in  Q ;  join  PK,  PQ.  Tak«*  tlu-  siiu-  of  tho  com- 
ph  int'ot  of  the  latitude  40-^  30'  in  your  coinpa'^ses,  and  with  oii«*  foot  in  P,  an 
a  centre,  describe  the  arch  FG,  cutthig  PE,  PC^,  in  FG  ;  tlicn  tlie  U  ngthof 
the  chord  FO  being  meaaured  on  the  jwale  of  equal  parts  will  be  the  depar* 
ture  136.4  miles. 

Or  this  projection  may  be  made  in  the  followinp;  manner.  Draw  AD  (Fis;. 
£)  of  an  indeiinite  leujcth,  make  the  an^le  DAC  equal  to  the  latitude  4U^:J0  , 
and  AC  equal  to  the  ai/CBrenco  of  longitude  210  miles ;  draw  CD  perpendi> 
ctilar  to  AD ;  then  will  the  Ihie  AD  be  the  distance  or  departure  required. 

^        BT  LOGARITHMS. 
*     To  find  the  departure  or  distance. 

As  radius  90^  1 0.0(1000 

is  to  the  diflerence  of  longitude  210  2.32222 

So  is  co.shie  telitude  49P  30*  9.81SM 

To  tbe  distance  or  departtirc  1  :U),4  S.1S476 

BV  GUNTER. 

The  extent  from  radius  to  the  complement  of  the  hititude  4(P  W  on  the 
line  of  sines,  will  reach  from  the  difference  of  longitude  SIO  t»  the  distance 
156,4  on  the  line  of  numbers. 

«y  INSPECTIOiV. 
Find  the  latitude  among  the  degrees  in  Table  II.  and  in  the  distance  co- 
lumn the  difference  of  longitude,  opi>o8ite  to  which  in  the  column  of  latitude 
will  he  the  distance  required. 

In  the  present  example  the  latit'iflc  is  t^'^SO',  and  as  the  table  is  only  cal- 
culated to  single  degrees,  I  find  tli<'  numbrrs  in  the  tables  of  49*^  and  I»0^,  and 
take  the  mean  of  them;  the  former  is  lJ7,a,  the  latter  1^0,0,  the  ii^ean  of 
which  is  the  sought  distance  or  departure  136,4. 

CASE  n. 

Tht  dutanu  bttwem  Ueo  places  on  the  same  pom  lit  I  of  latitude  ghen,  iQ  fnd 

their  d\fftTence  of  longitude. 
Suppose  a  ship  in  the  latitude  of  49^  90'  N.  or  S.  and  long.  36^  40^  W. 
Bails  directly  west  166,4  miles;  requtrod  the  difference  of  loBgitade,  and 
longitude  in  ? 
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<i6  PARALLEL  SAILII^O. 

BY  PROJECTION. 

With  the  sine  of  the  complement  of  the  latitude  40^  30'  in  your  compasses, 
ynd  one  font  in  P,  a«?  a  centre,  (Fip;.  1st.  of  the  preceding  case)  describe  the 
arch  FG,  upon  which  set  oflf  the  departure  ld6,4  miles  upon  the  chord  FG^ 
and  throtif^h  the  points  F  and  O  draw  the  lines  PE  and  PQ;— then  with  the 
sine  of  oo^  in  tlie  compasses,  and  one  foot  on  P  as  a  centre,  describe  an  arch 
fo  rot  PE.  in  R  and  Q;  then  the  chord  F.Q  fx'inp;  measured  upon  the 
Fanic  sealt'  of  ( ({u:il  parts  that  the  departure  was,  wUl  be  the  difference  of 
longitude  £10  miles. 

Or  thus,  draw  the  line  AD  (Fi^.  2d.)  which  make  equal  to  the  given  dis- 
tance 136,4,  atD  erect  DC  perpcndimilar  to  DA,  make  the  angle  DAC  equal 
to  the  latitude ;  then  will  AC  be  the  sought  difference  of  longitude  £10  miles. 

BY  LOGARITHMS. 


As  co-sinc  of  latitude  49^30'  9.81254 
Is  to  the  disUncc  136,4  2.134S1 
So  is  radios  10.000001 


Long,  left  W  40  W. 

Diff.  loo£.  3   30  W. 

Long,  in  40  10  W. 


To  the  di/r.  of  long.  210  9.32227 

BY  INSPECTION. 
Look  for  the  latitude  among  the  degrees,  as  if  it  was  a  course,  and  the  de- 
parture in  tlie  column  of  latitude ;  against  which  will  stand  the  difference  of 

Ion;;itude  in  the  distance  column. 

Thtis  in  the  conrse  I  seek  for  l.Sfi.  t  in  the  latitude  column,  and  find  it 
corresponds  to  the  distiince  t03 ;  and  in  the  course  50^,  I  find  it  nearly  cor- 
r«  :^|K)iids  to  21S ;  half  the  sum  of  208  and  fit  is  tlO,  which  is  the  sought 
difference  of  longitude. 

Qt  KSTIONS  TO  KXERCISK  THE  LEARNHR. 
(^uffiitm  I.   A  "liip  ii)  the  latitude  of  32*  N.  a^ulu  liue  ea»t  lili  bcrdilTemicc  ot  longiUMle  it  394  mUet; 

Annoir.    325.7  Hi.l«->. 

Question  II.  A  ihip  from  ihf  htliiids  oT SB*  8V  &  kaglaidt  10*  11^  &  aOS  dne  wm  SSS  sritef— 

required  her  pment  longitude  7 
JnlKtr.  3»-  i(y  t. 

OiMKiMi  IlL  If  two  id>iiH  In  the  Uttfttnle  nf  44«  SW  V.  disOot  2i6  mlim,  sboQid  Mil  diraeUy  Mulh 
aMtttbejiPvi*tailwl»titu<l«'or32''iril.  wiittdiiiBmw«iliqrfto»  •Mli«llwrf 
Aniwtr,  ArThMMm  V.SMiaik^ 

(iu€tti»n  TV.  A  ship  iMvlnf  nta  4m  fMt  fortlii«edB7t,Mtk«f«leiir5  loMliSM  boHr,aaiiib« 

i««  altered  h<>r  longitude  9"  l6f  Wtel|nnilMerinllMdeiildlheMil  faif 
lutKtr.   4J<-  Ui'  N.  or  S. 


MIDDLE  LATITUDE  SAILIKG. 

IN  sailing  north  or  south  (or  on  a  meridian)  the  difference  of  longitude  is 
nothing,  and  the  difference  of  latitude  is  equal  to  the  distance  sailed ;  but 

in  sailing  east  «>r  west  (or  on  a  parallel  of  latitude)  the  difleroiice  of  latitude 
is  nothing,  and  the  difference  of  longitude  may  be  calculated  hy  the  foregoing^ 
theorems  of  Parallel  SaiUng.  In  sailing  on  any  other  course,  the  siiip 
changes  both  her  latitude  and  longitude ;  in  thb  case,  the  difference  of  lati- 
tude, departure,  and  difference  of  longitude  may  be  calculated  by  a  proper 
application  of  the  principles  of  Plane  Sailing;  to  the  sailing  on  a  spherical 
Jiiu-face ;  to  do  which,  the  surface  of  the  glol>e  may  he  supposed  t«>  he  di- 
vided into  an  indefinite  number  of  small  surfaces,  as  square  miles,  furlongs, 
yards,  &c  which  on  account  of  their  smalfaiess,  in  comparison  with  the 
whole  surface  of  the  earth,  may  he  esteemed  as  plane  Hurfaces,  and  the  di^ 
ferencc  of  latitude  and  departure  (or  meridian  distance)'niade  in  sailing  over 
each  of  the«e  surfaces,  may  he  calculated  by  the  «  oninion  rules  of  Plane 
Sailing,  and  by  summing  up  all  the  differences  of  latitude  and  departures 
made  on  these  different  planes,  we  shall  obtain  the  whole  difference  of  hoi- 
fndc  and  departure  nearly.*  Now,  by  Case  I.  of  Plane  Sailing,  the  distance 
dj^scrilwd  on  any  one  of  these  small  surfaces  is  to  the  civrrespondinp  differ- 
ence  of  liUitude  as  radius  is  to  the  co-sine  of  the  course,  and  as  the  courste  ia 

tSsi,^  Inrrokliiff  mtmabti  inaiaBllily  .tli>  «mr  aiigrbe  mrte  1m  ttanaagr  migmMt  4|iiinii«y.  _ 

»' 
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MIDDLE  LATiTUDfc:  SAlLlMJ,  (VT 

)be  lune  on  all  these  Burfoeen,  it  foHows  fliat  the  sum  of  all  the  distances 
dcsctflfted  tiiereon  is  to  the  sum  of  the  corresponding  difTi t  -:u  c>s  of  latitude 

radius  i«  to  the  co-siiip  of  the  course :  that  is,  the  ^vholr  ili-tHncp  sailrd  ofi 
thf  globf  is  to  tlie  correspondinK  difference  of  Intilutie  as  rathus  is  to  tin-  e'l- 
SLie  of  the  course,  la  a  siiiitiar  manner  it  appearn,  liiat  tiie  distaiir.e  Ui  - 
aeribed  on  the  ^ohe  is  to  the  sum  of  all  the  corresponding  departures  (or 
noidian  distenees)  denrrihed  on  these  different  Murfaces.  as  radius  is  to  the 
sine  of  the  course.  So  tiiat  tfie  canons  for  calculating  the  difTenMire 
«<f  htitud«*  and  dt-parture  from  the  course  and  distance  arc  the  >;uut',  whr- 
thtr  the  earth  be  esteemed  as  an  extended  plane  or  a  spherical  surlace,  and 
tise  tame  is  to  he  obsenred  with  respect  to  the  other  cases  of  Plane  Bailing. 

We  shall,  therefore,  in  all  the  calculations  of  siiiling  on  the  spherical  w:ur- 
fice  of  the  earth,  in  which  the  course,  distance,  dinVrence  of  latitude  and 
departure  occur,  nuUve  use  of  Uie  canons  already  taup;hl  iu  Plane  Sailiri;:,  and 
fhaJl  construct  the  schemes  exactly  in  the  same  manner.    The  only  addi- 
tional  ralcuhtion  in  sailinK  on  a  spherical  surface  consists  in  determining  the 
loogMiide  from  the  departure :  for  in  sailing  on  a  plane,  the  departure  and 
lonptude  are  the  same,  hut  in  sailing  on  n  sj>ln'riral  stirface.  the  xchoU  depar- 
turt  ((tt  vus  ohsrirtil  above)  is  tqutil  to  the  xuin  of  all  the  nwidian  distances 
made  in  soilm^  ocer  tht  indefiniU  tmmlter  of  snuM  surfacts^  into  which  we  have 
wufpeati  tkt  ifkniml  surfnct  Id  ht  MeSdrdj  and  (he  whoU  d{fftnnet  of  lonfritude 
torresponding  ur  tqml  to  the  sum  of  all  the  diffi  tenets  of  lomi;itiule,  dedured  from 
rach  of  thsf  small  meridian  distances  by  Theorem  u".  of  Paralhi  Sailing.* 
Several  methods  have  been  projiost  d  fur  ahridginc;  the  enleulation  of  the  dil- 
fcreoce  of  longitude  from  the  departure,  tiie  most  noted  of  which  are  tiiosc 
known  IvT  the  names  of  MiddU  Latitwk  Smiing  and  Murcator^M  Sailing,  the 
latter  (wnicb  win  he  hereafter  explained)  is  perfectly  accurate,!  tlie  former  is 
only  an  approximation,  hut  it  ij^  very  much  used  in  caU-nhitin*;  short  run«  and 
days  works,  but  in  calculating;  large  distances  across  d  s  aut  paralh'ls  it  i;5  lia- 
Ue  to  error.    The  principle  on  which  the  calculations  of  Middle  Latitude 
fiaSing  is  founded,  u  this Instead  of  calculating  the  difference  of  longitude 
correspouding  to  the  departure  made  on  each  of  the  small  surfaces,  into 
which  we  have  supposed  the  sphere  t(»  he  divided,  and  adding  them  together, 
the  whole  departure  (or  sum  ol"  the  meridian  dist;»nces)  is  calculated,  and 
the  ioogitude  deduced  therefrom  bv  the  rules  of  Parallel  Sailing,  using  for 
hiraade  the  arithmetical  mean  between  the  latitude  sailed  fh>m  and  that 
aifitcd  to.    On  this  supposition,  we  have  the  two  first  of  the  following  thro- 
n*m««  for  calculating  the  departure  frorn  tin-  difTrrence  of  lougihub-,  or  llu-  * 
difference  of  longitude  from  the  departure,  which  aretlie  s:une  as  Thco.  III. 
aod  IV.  ef  Parallel  SaiUng,  exceut  in  Writing  departure  for  distance,  and 
■Mdelatitade  for  latitude:  the  other  theorems  are  easily  obtained  by  com- 
bining  the  two  lu^t  with  the  common  theorems  of  Plane  S  lilingi  ewervin^ 
that  the  Middle  Latitude  is  half  the  svm  of  the  two  latitudes,  {f  l/tejf  are  of  the 
Muat  Hamty  or  half  their  dijftrence  if  of  contrary  natnts, 

THEOREM  I. 

At  radius  is  to  the  co-sine  of  tlie  middle  latitude^  *o  is  tht  dijirtnce  of  Lngi- 
fiA    Unt  imrture. 

THEOREM  II. 

As  the  co-sine  of  the  middle  latitude  iilothe  rudmt  m>i$tkt  depoftmt  io  the 
dtfertnct  of  Imif^ttude. 

Now  by  case  I.  of  Plane  Sailin-.:,  the  r  idius  is  to  the  sine  of  the  course,  as 
the  distance  sailed  is  to  thi  departure,  and,  if  wc  combine  this  analogy  witU 
Theorem  11.  we  shall  iiave, 


*  Qrio^  C>n  rstimstine  tbe  dlffrrrnre  of  ton^tude  corres^iondinp  m  «u;h  of  thn>»  •nuUl  mt^inn  dh- 
SnwaO  Uiitudr  riirn-%pofMiiuy  to  tltv  muUU<>  point  of  the  surface  on  wbU-h  thrm  tumll  iiiviiiU.tu 
m^mcf*  arc  r>'>pectivelj  mode. 

t  Tu>%  iru«'  10  theory,  and  would  f>e  In  practice,  if  fhe  iiMTidioiMl  dllfercKce  of  Intitiidr  In  Trtblf 
m.  A^re  piv^ii  to  a  Mifliri^nt  number  of  iln  imals,  bul  holny:  only  IfiTrn  to  the  ncart>st  mile  oi  minut'', 
-rrt-r  arising  frum  thU  caute,  when  the  dtffereacc  of  latitude  U  mmU,  Is  grciUcr  lluin  tbr  «rrror  hi 
tk!^  '^^^'"^oMkM    ^^Sud^^^^^^"^"^ fegr«UdlelrtlM*li«lsmt«scla«lv«l,v  oiMl ia 
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THEOREM  III. 

As  th>  rn-sinf  of  the  middle  latitude  is  to  the  tine  of  the  COWH^  80  U  the  dit" 
fiiim  saikd  to  the  differtnct  of  longitude. 

By  Cnse  II.  of  Plane  Sailing,  we  have  tfaia  analog^';  as  radiua  is  to  tho 
tantcent  of  the  course,  so  is  the  difference  of  latitude  to  the  departure;  by 
combining  this  with  Theorem  11*  we  have 

THEOREM  IV. 

As  the  co-sine  of  the  middh  hititudt  is  to  the  tangent  of  the  eourse*  SO  if  the 

difference  of  latitude  to  the  dijj'ennce  of  longitude* 
Whence  we  easily  deiiuce  llio  folloAviii^, 

THEOriEM  V. 

As  the  difference  of  latitude  is  to  tlie  difference  of  longitude^  so  is  the  co-sine 
of  the  nuddu  laHlude  lo  the  tanrtnt  of^emim. 

By  means  of  the  preceding  theorems  we  have  formed  the  following  Table, 
which  contains  all  the  rules  necessary  for  solving  the  various  cases  of  Middle 
Latitude  Sailing. 

MIDDLE  LATITUDE  SAILING. 


Case. 

Given. 

.-sought.  1  SOLUTION. 

1 

Both  Latitude- 
ami 
Longitude. 

Dejiartnre. 

( 'our<e. 

0i*lauce. 

Ha.l.  :  Iiifl".  Lonp.  :  :  Co->ineMid.  Lat.  :  Dep. 

<  Dirt"  Ls»L  ;  Unil.  ;  :  Dep. :  Tong.  Course 

}  DiflT.  iML :  Diff.  Long. : :  Coi.  BUd.  lat. :  Tug.  Coune. 

<  Had. :  Did*.  Lav :  i  SeouM  Odan»  t  Mlktrnm, 
1 81m  Coonte :  Depart. :  t  Had. :  Dh»aocfc 

2 

Both  Latitudes 

D«'|).irliir<'. 

Cifurse. 
I'i-f.Mire. 

'i-AV.  Lonj,-. 

Oiff.  Lat. .  Bad. : :  Dep.  :  Tanp.  Coiinte. 

Sine  I  oiir»e  :  Dep.  :  :  Und.  :  ln«!nnrr. 

Co  siiif         I.nt.    V\  \\    ;  K  id.    DilT.  Lonp 

3 

On<>  Latitude, 
Course  and 

INftiM. 

Ocpwlure. 
OiC  Long. 

Had.  :  DIm.    :  Cn-sim  (  our-i-    I'llV  Lni. 

Hence  (he  other  Liilitudo  hiuI  Midillr  Ltnitudc  are  found. 

Hn<l.  :  Di«I.  :  :  Sine  Course  :  I>«'(tinurc. 

(  Co-Sine  Mid.  LaU  :  Dep. : :  Had. ;  Did*.  Long. 

lCo.8lii»IIId.  Lak :  8iae  Coune: :  IMA  ?  MCUof. 

4 

Both  LntUndo 
and  Course. 

Dnwrutr*. 

Disusnco. 

Oiflf.  Long. 

Rad.  t  Bift  lat  <  X  Tkiif .  Ooam  t  Drpaiton. 

Co.«iM  OMiflt  t  fiiC  Cat : :  Bad. :  Dbtance. 

5  Cv-alne  MkLIAt.:  Dep.  ::Rad.:  DiflT.  Long. 

i  Coa.  MM.  Lat. :  Tteiv-^Mm  •  *•       LakTOHC  Uag. 

S 

Doth  Lntitudet 
and  Distance. 

( 'ourw 
iK'isiriiirr 

lh>\.  :  H.'id.  :  :  Uiff.  Lai  :  (•(.-«:nc  CotlfSe. 
Kail.  ;  Di>t.  :  :  Sine  Coiuse  .  Di  jvarture. 
Co-«inc  Mid.  Lat. :  I>ep. :  :  Rad. :  Difl*.  Long. 

6 

One  Latitude, 

('•(HnO  .iimI 

Dtrparturc. 

Ttmim, 

Di?tnnce. 
Uiff.  Loag. 

Kad. :  Dep. :  :  Cu-tang.  Coune  :  Difl*.  Lat  , 
Hence  tiie  other  Latitude  and  Middle  I^atitudc  are  knows. 
Sine  Course  ;  Departure  :  :  Ba<i-  ;  Distance. 
Co-sine  Mid.  Lat. :       i  i  Bad. ;  IM;  Lung* 

7 

One  I.niitud*', 
IgM*ngeand 

Coone. 
DUTLirt. 

DiflT.  Lonp. 

Disc  :  Rad. : :  Dep. :  Sine  Coone. 

Bad. :  Dist : :  CoHilne  CourM :  OIC  Lat  Heoee  we  obtain  the  other 
latitude  and  middie  latitude. 

Co-<ine  IMid.  Lai.  :  Dep.  :  :  Rad. :  DifT.  Long. 

We  shall  now  proceed  to  illustrate  these  rules,  by  working  an  example  in 
every  case. 

CASE  I. 

The  latitudes  and  longitudes  of  two  places  given,  to  find  their  bearing  (Md 

dtsfmice. 

Required  the  bearing  and  dutance  between  Cape  Cod  light-bouse,  in  the 
latitude  of  42°  5'  N.  longitude  70^  4'  W.  mid  the  islr.nd  of  St.  Marv,  (one  of 
the  Western  Islands)  in  the  latitude  of  36^  59'  N.  and  longitude  £5^  lo'  W. 


Cass  Cod's  lat.  42  5'  N. 
81.  Mary's  lat.    36  59  N. 


Difthtf. 


5 

60 


4^  5' 
36  59 

Sum  79  4 


r.ong.  7(P  4'W. 
Long.  S5   10  W  . 


In  miles  306 


Mid.  lat.  39  32 


]>UClog«.   9691  miles. 


MIDDLE  LATITUDE  SAILL\(;. 


jf.9 


BT  PROJKCmON. 


Draw  the  east  anil  west  Hne.DC*  "^viththe  chord  of  CO^  describe  llic  arcU 
about  the  centre  D*  to  cut  DC  in  Q;  upon  this  arch,  set  oflT,  from  Q  to 
S,  the  middle  Intifiide  S«0  ggf,  throuf^  D  and  S  draw  the  line  DB,  which 

makf  tHiual  to  the  diff-  n  tirc  of  lonc:itud»'  2694  miles;  fmin  B  let  fall  upon 
DC  the  p«T|)ondk'ul;ir  BC,  wliirh  continue  towards  A  makin;::  AT  «MjiiaI  to 
the  difference  of  latitude  306  miles  join  AD,  and  it  in  tlone.  For  b v  tliis 
method  of  construction,  on  the  principles  before  explained,  A  wit!  be  mt  si- 
tuation of  Cape  Cod,  D  the  situation  of  St.  Mary;  CD  will  b»'  the  departure, 
which  being  measured  will  be  found  to  he  2(>7l'.  mih  s;  the  distance  will  he 
represented  by  AD,  wliich  being  measured  wiil  be  found  to  be  4099  mileti, 
and  the  course  from  Cape  Cod  to  St.  Mary,  will  be  represented  by  the  anale 
CADsSlo  97';  therefore  the  course  wiJl  be  S.  81^  sr  fi.  or  E.  |  S.  oeaify. 

Note.  The  course  h  put  S.  81®  37'  E.  because  St.  Mary  being  in  a  less 
northern  latitude  than  Cape  Cod,  is  to  the  southward  of  it ;  it  is  ako  to  the 
eastward  of  Cape  Cod,  because  it  is  in  a  l<  <s  western  longitude. 

BY  LOGARlTmiS. 
To  find  the  departure  (by  Theorem  I.)  To  find  tiiq  course. 

Kn  radius  90^                           lO.OOOOO  \9  diff.  of  lat  306  2.48.'J* 

1^  to  tlilT.  of  loni,'.       1                  Xi'M)  10  >  to  radius  45^'  10.00000 

So  in  co-siue  mid.  lat.  39  32'        9.Ry72(t  So  is  ihc  departure  2078  3.31760 


To  the  depiitwre  8078 

To  andVhe 
As  ndiuB  90^ 
blotliedifCofUt.  306 
So  is  see.  of  eomM  81^  39^ 


3.31760 


10.00000 
8.48572 
10.83686 


To  tang,  of  couvM  81^  37'  10.83188 

No  TP,.  The  course  may  be  found  without 
thf-  (if  parture,  by  Tbeo.  V.  Middle  LalituUe 
Stuling. 

\n  the  did  of  lat.  306 
U  to  the  diflT.  of  long.  8694 


2.48572 
3.43040 
9.68780 


13.31760 
8.4857ft 

10.88188 


To  the  distance  2099  ^  jSo  is  co^e  mid.  Irt.  39° 

NoTB.  The  log.  of  the  deparfcrs  above 

found  3.31 7M  is  rather  less  than  the  log.  of 

'^07*^=3.  31 7f>5  ;  but  in  finding  the  rotirso  by  ' 

ihr  dfjidfture,  I  have  used  the  quantity  tounil 

at  tiie  first  operation,  and  sbaU  do  Uie  same  To  tang,  of  course  81^  ST' 
is  all  fiiturs  cakulatiims* 

BY  GUNTER. 

Extend  from  the  radius  or  'J(>^  to  r>0'^  ^ZV,'  the  complement  of  tlie  mi4ldle 
latitude,  on  the  line  of  sines;  that  extent  will  reach  from  the  difference  of 
longitude  t884,  to  the  departat«  8878,  on  the  line  of  numbers. 

9my,  Extend  from  the  difference  of  latitude  806,  to  the  departure  t098. 


*  If  the  place  A  be  to  Iht  XHiUnn  ard  of  i>,  the  line  AU  shouia  be  Mt  ofl  upon  iLc  liuc  CB,  tram  C 
►wanli  n.  J  " 
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iin  the  lint*  of  numbers;  that  extent  irill  mch  from  ndhis  or  45^,  to  tlie 

course  81*^  37'  on  the  line  of  tangents. 

3dly.  Ext«'nd  from  the  course  37'  to  tlie  radiii«^  HO^  on  tlie  line  ot  ninr-^, 
tiiat  extent  uiil  reacli  from  the  departure  :dU78  to  the  distance  £08B  miles 
on  the  Hoe  of  numbera. 

BY  INSPECTION. 

Rule.  Look  for  the  middle  latitude,  as  if  it  was  a  course  in  Plane  Sailing, 
and  the  diflferenre  of  longitude  in  the  distance  column,  opposite  to  which,  in 
the  column  of  latitude,  will  stand  the  departure ;  having  the  difference  of 
latitude  and  departure,  the  eourse  and  distance  are  fouM  (aa  hi  Case  VI. 
Plane  Sailing)  hy  seeking  in  Tab.  II.  with  the  difference  of  latitude  and  d^- 
parture,  until  they  are  found  to  agree  in  their  respective  cdlumns ;  opposite 
to  them  will  be  found  the  distance  in  its  column,  and  the  course  will  be  found 
*t  the  top  of  that  table,  if  the  departure  be  less  than  the  difference  of  latitude, 
otherwise  at  the  bottom. 

Thus  with  one  tenth  of  the  difH  rence  of  longitude  269.4  or  £69,  I  enter  Ta- 
ble II.  and  opposite  to  it,  in  the  distance  column  of  the  Tahles  of  89*^  and  40<^, 
I  iind  HOaA  and  £06.1  in  the  latitude  column;  now  the  middle  latitude  being 
nearly  99|0,  i  take  the  mean  of  these,  t07.6  for  the  departure,  which  being 
nultipUed  by  10,  gives  the  whole  departure  2076.  Again,  I  enter  Table  I,  wim 
one  tenth  of  tlic  d<i)arture  207.6,  and  one  tenth  of  the  difference  of  latitude  30.8 
and  find  that  they  agree  nearly  to  a  course  of  7i  points,  and  a  distance  of  £10, 
which  multiplied  by  10,  gives  the  sought  distance  tlOQ  miles  nearly. 

CASE  II.  ' 

jBsA  ItiltfiiJet  and  dqparhtn  from  the  meridian  ^tven,  to  Jtad  the  course,  dii' 

tance,  and  difference  of  longitude. 
A  ship  in  the  latitude  of  49^  07'  N.  and  longitude  of  1 D*^  16'  W.  sails  south- 
westerly till  her  departure  is  7 89  miles,  and  latitude  in       20'  N.  Required 
the  course,  distance  and  longitude  is? 

LaUtude  left  49^  Bt  N. 
Litltttdain         39  SO  N. 


Diff.  of  lat. 

Sum  af  lata. 
MMdtelsL 


10  S7=6S7  milfs^ 


7«» 
44 


17 
38 


BY  PROJECTION. 
Draw  the  meridian  ACD,  on  which  take  AC 
equal  to  the  difference  of  latitude  697  miles ; 

draw  CB  perpendicular  to  AC,  and  make  it 
equal  to  th«-  departure  7ft9  miles;  ahout  B  as  a 
centre  describe  an  arch  ab,  on  wliich  set  off  tlie 
middle  latitude  44^38';  through  B  and  b  draw 
the  Ime  BI>,  meeting  ACD  in  D ;  join  AB  and 
it  is  done;  for  AB  will  be  the  distance  sailed, 
which  being  measured  will  be  found=:lOli 
miles ;  BD  will  be  the  difference  of  longitude 
si  109  miles,  and  the  angle  CAB  will  repre- 
sent the  eourse  from  the  meridum  51^  S'. 

BT  LOGARITHMS 


B 


To  find  the 
AsUwdiff.  oflat.637 
Istomdius4S0 
8o  ^  Cha  dsparlue  769 

tang,  coarse  51^  ^ 


2.804H 
10.00000 

a.89708 


To  find  the 
Aa  sine  course  51^  5* 
la  to  the  departurs  769 
Solsndiw90O 


10.09694  to  titt  dislBBca  1614 


*     To  find  the  difference  af  longitude. 
As  co-«ine  mid.  latitude  44^  36^  9.85225 
Is  to  the  departure  769  2.89708 
So  is  radius  90^'  10.00000 


3;94463 


TodiC  ef  lont.  1109 


9.89101 
9.89708 
10.( 


T.on^tude  sailed  from 
DiiT.  Long.  1109  miks 

LongitadelB 


3.0D6O7 

15°  16' W. 
18  49  W. 


33  45  W. 
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BT  QUNTER. 

l8t  Tbe  extent  from  the  difference  of  latitude  6S7  to  the  departure  7S0, 
on  the  line  of  numbers,  will  reach  from  radios,  or  45^,  to  the  course  51^  5'  on 

the  line  of  tang;rnt3. 

2dly.  The  extent  from  :>1^  I;'  to  radius,  or  W'^,  on  tho  line  of  sinea,  wlB 
reach'from  tJie  departure  789,  to  the  distance  1014  un  the  line  uf  numbers. 

Sdly.  The  extent  from  the  complement  of  middle  latitude  49>^  ftf,  to  ra- 
dius, or  80^,  on  the  line  of  sines,  will  reach  from  the  departure  789  to  the 
difference  of  Iongitud^ll09  on  the  Uoe  of  numbers. 

'  BT  INSPECTION. 

* 

Rule.  With  the  differenre  of  latittide  and  departure,  find  llie  conr'^e  ;nid 
distance  (as  in  Case  VI.  of  Plane  Sailing)  by  seeking  in  Tab.  ii.  until  the  cht- 
fercnee  of  latitude  and  departure  aie  Ibuiid  to  correspond,  against  which  in 
the  diatance  column  will  be  the  distance ;  and  if  the  depaKure  he  less  than 
the  diflerence  of  latitude,  the  course  will  be  found  at  the  top  of  that  tables 
otherw  ise  at  the  bottom. 

Then  take  the  middle  latitude  as  a  course,  and  find  the  departure  in  the 
latitude  column,  the  number  corresponding  in  the  distance  column  will  bo 
the  difference  of  longitude. 

In  the  present  example,  I  take  one  tenth  of  the  difference  of  latitude  637, 
and  the  departure  789 ;  that  is  68,7  and  78,9  the  nearest  numbers  to  these 
are  63,6  and  78,5,  standing  together  over  51^,  antinst  the  distance  101, 
which  being  multiulied  hy  10  gives  1010;  whence  tfie  course  by  inspection 
is  S.  51^  W.  and  tlie  distance  1010,  Then  I  take  one  tenth  of  the  departure, 
7K,9  and  seek  it  in  the  column  of  latitude  of  IfP  (which  is  the  n*'an  st  to  the 
middle  latitude  4  P  SB'),  the  nearest  number  I  linU  is  79.^!,  opponiie  which  in 
•  the  distance  column  stands  1  If,  which  being  multiplied  by  i  u  ^ives  lliO  for . 
the  difference  of  longitude;  this  value  differs  a  little  from  tiiat  found  by  lo- 
garithms, owinp  to  ihe  miles  of  middle  l.ititu<le  nej;lecfed,  for  if  we  were 
also  to  find  the  dilTerence  of  longitude  for  th»'  mid»lle  latitude  44^  and  pro- 
portion for  tlie  minutes,  the  result  would  come  out  nearly  the  same  us  by 
logarithms. 

CASE  nr. 

One  ka&udet  covrse  aad  distance  e^ven,  to  fnd  thi  d^Jfenmu  9/  latitude  ood 

d^ffertnet  of  longUiuU* 

A  ship  in  the  latitude  of  4f9  SO'  N.  and  longiftid*- 
S80  51'  W.  sails  S.  E.  hy  S.  &91  miles.  Eequuredthe 
latitude  and  longitude  in  I 

BY  PROJECTION.  ^ 

DvKW  themeridian  ADE  (as  in  case  T.  Plane  Sailing;) 
upon  A  as  a  centre  describe  an  an  h  « ith  the  chord  uf  ^ 
60^,  and  upon  it  set  off,  from  where  it  cuts  AD,  tlie  ft 
course  S.  E.  bv  S.  or  5  points,  through  that  point  of  ^ 
the  arch,  and  the  point  A,  draw  the  lino  AC,  which 
make  equal  to  tiie  distance  591  miles;  from  C  l«-t  fall 
upon  AD  the  perpendictilar  CD  ;  then  will  CI)  b<>  tlie  u 
departure  Sin  miles,  and  AD  the  difference  of  latitude 
491  miles.   Hence  we  obtain  the  latitude  arrived  at, 
and  the  middle  latitude ;  draw  the  luie  CE  making  an 
angle  with  DC  of  38^  i4'=the  middle  latitude;  and 
thr  distance  CK  will  he  the  diffrren.  i-  of  longitude  410  E 
nyles.  hence  tlie  longitudf;  in  is  obtaineci. 
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BY  LOGARITHMS. 
To  find  the  difference  of  latitude.  To  lind  t)ie  departure* 

Afi  ndioB  S  pU.  10.0000(I|Ab  ndiui  8  ptt. 

9.771S9  It  to  tlw  diataiwe  S91 

9.9198.'; 


la  to  the  dtiteaee  691 

So  is  eo-sinc  course  3  pts. 

To  thedifT.  of  lat.  491.4 


S.69144 


Uititude  left 

mcorht 

Letltndeih 

Sum  of  lats. 

Middlf  lat. 

Long,  left 


42-  30'  N. 
8  li  S. 


M  19  N. 

76  49 
38  24 

DiflToT  long.  419=6  59  E.  * 
I«oqgitiide  in      51  6S  W. 


So  is  sine  course  3  pts. 
To  the  departure  32.''.3 


10.00000 

2.771  »9 
9.74474 


2.51633 

To  find  did',  long,  ivith  departure. 


As  co-sine  mid.  lat.  38  24' 
Is  to  the  departure  388.3* 

So  is  radius  90'^ 

To  diff.  of  long?  419  miles 

Withoat  the  dcfieitaie. 

As  co-<<inr  mid.  lat.  3S'^  3v  tr.  CO. 

1?^  to  sino  course  3  pts. 


So  ia  distance  591 
|To  diflr.  of 


9.89415 

lO.OUOOO 
2.62218 

0.105«5 
9.74474 
2.77159 

t.68SlO 


long.  419  mites 

BY  GUNTEll. 

let.  Tbe  extent  from  radioi  8  points  to  the  complement  of  tiiecom^  5 
pobits  oil  the  line  marlced  SR,  will  reecfa  from  the  distance  991  to  the  differ- 
ence of  latitude  401  on       line  of  nnmhrr'. 

2dly-  The  extent  from  radius  Z  point.s  to  tlie  course  3  points  on  the  line  SR, 
^vili  reach  from  the  distance  591  to  the  departure       on  the  line  of  numbers. 

Sdly.  The  extent  from  the  complement  of  middle  latitude  91^  99^  to  ra- 
dins  90^  on  the  line  of  sines,  will  reach  from  the  departure  8St9  to  the  differ- 
enee  of  longitude  418  on  the  line  of  numbers. 

BY  INSPECTION. 

Rule.  With  the  course  and  distance  find  the  difference  of  latitude  and 
departure  (as  in  Case  I.  of  Plane  Sailing)  by  finding  llie  given  course  at  the 
top  or  bottom  of  tlie  Tables,  either  among  the  points  or  degrees ;  in  that  page 
and  opposite  the  distance  taken  in  its  column,  will  stand  the  difference  of 
latitude  and  departure  in  their  columns.  Then  take  the  middle  latitude  aa 
a  COursf  and  find  the  departure  in  the  latitude  eoliimn,  against  itt  in  the  dis- 
tance column  will  stand  the  diflerence  of  longitud*'.  * 

Thus,  under  the  course  three  points,  or  S.  E.  by  S.  and  against  the  tenth  of 
the  distance  r>»l  =59,1  or  59  stand  49,1  an4  8t,8 ;  these  multiplied  by  10  glre 
491  for  the  flifTerence  of  latitude  and  548  for  the  departure.  Now  takinf^ 
the  middle  latitude  21'  or  38^  as  a  course,  and  a  tenth  of  the  departure 
8S8r=d£,8  in  the  column  of  diflerence  of  latitud*-  (the  nearest  is  Sd,l)  against 
wliich  stands  4f  in  the  distance  column ;  this  multipUed  by  10  gives  4!20  for 
the  diffbsence  of  longitude  nearly. 

CASE  IV. 

B^tii  UUUudtB  and  eoune  gmn,  to  fnd  the  departure^  diikmet  and  d^trtnu  of 

longitude. 

Suppose  a  ship  sailin;;  from  a  place  in  the  latitude  of 
49^  07'  N.  and  longitude  of  do^  W.  makes  a  course 
good  of  S.  090  W.  and  then  by  «lii«rvation  is  m  the 
latitude  of  45°  31'  N.— it  is  required  to  find  the  diataiice 
ruDf  and  longitude  in? 

Latitude  from  49^  :i7'  N. 

Lat.  by  olMenration     45   31  N. 


4  £6 
80 


l>iff;Ui. 

Sum  of  lata. 
Mid.  lat 


95O  £8' 
47  44 


•  Th»  togaruhm  of  ib«  d^fMiurc  WM  kmA  hj  Uie  praetdinf 
lOm  us  Mvanum  of  S2t>S> 


to  be  2.M68ab  difMaff  a  UnJ« 


MIDDLE  ULTITUDE  SAIUiNO, 


^7$ 


BY  PROJECTION. 
Uraw  the  rneriilian  ACD,  on  whirh  set  off  AC  i-qual  to  the  differencL'  of 
Utitnde  ^66  miles  ;  draw  Cfi  perpendicular  to  AC  ;  draw  the  line  Ati,  m^k^ 
iBg  an  angle  equal  to  the  ooune  SS^  with  AC*  and  meeting  BC  in  B ;  through 
B  dmr  BD,  making  an  angle  equal  to  the  middle  latitude  47^  44'  with  the 
line  BC,  and  it  is  done ;  fnr  AB  will  be  the  distance  94S.9  miles,  BC  ihm  de- 
^rture  21d.4  miles,  and  BD  the  diffrrence  of  longitude  S£0.d  miles. 

BY  LOGARITHMS. 


To  And  the  dtepaiturB. 

As  radius  45^ 

15  to  the  dUr.  oflaU  366 

So  ia  tang,  course  3^ 

T«tte  departure  315.4 

To  find  the  distance. 
Af  fo-shie  of  the  coarse  39^ 
btotbe  diiT.  ofliL96$ 
fiokiadiasSO^ 


To  find  the  diflerene*  cf  loagitude  hj  &e 

10.00000  dtparturc. 
2.4248S  As  co-sine  raid.  lat.  47  44'  9.827^;. 
9.90837  la  to  the  departure  215.4  2.^2^5 
SoMiwUiitSO^  10.00009 


8.33385 


9.S90jO 
2.42^88 

10.)  mm  10 


Te(ltt«rtaDee  S4S.3 

To  find  the  longilade  in. 

I.ongitudf  ?.ii\t  d  from  30^ 
Diff.  lonz.  j-JO  uule&  or  5 


2.50550 


To  the  difT.  of  long.  320.3 
The  ditf.  of  long,  may  be  found  without  lb)e 
departure,  hj  Theo  I¥.  bML  1st  siittnili, 
thus : 

As  co-fine  mid.  lat.  47<^  44' 
t.5S438^1t  to  tug.  of  eoune  390 
So  is  the  diff.  of  bt  966 

0'  w. 
20  W. 


33  90 


9.S277S 
9.9Q8Sr 
9.49480 

12.333^5 
9.8977^ 


To  the  di/r.  of  long,  320.3 
BY  GUiNTKR. 

l-»t.  The  extent  from  radius  45  lo  the  course  39-  on  the  line  of  tangents,  will  rcfsfth 
from  t}ie  difleiesee  of  lat  966  to  fbe  departure  915.4  oo  the  lin«  of  numbers. 

2dly.  The  extent  from  thf  complement  of  the  course  51*^  to  the  radius  90  -  on  the  line 
of  sioes,  will  reach  from  the  difleienoe  of  latitude  266  to  the  distance  342.3  on  the  line 


3dlj.  TEe  extent  from  the  complement  of  the  middle  latitude  42°  16'  to  radiu?  9u  on 
iht  hno  of  sines  wfll  reach  froBi  the  departure  915.4  to  the  diflsispce  of  tongjtwde  320:3 
on  the  Imc  of  numbers.  ^ 

BY  INSPECTION. 
TM  tiie  course  among  the  points  or  depees  (In  T^b.  I.  or  11.  as  in  Case 

n.  Plane  Sailing)  and  the  difference  of  latitude  in  its  column,  against  whidi 
will  stand  the  distance  and  d»*parturein  their  columns;  then  take  the  middle 
latitude  as  a  cour^*-.  and  find  tlu*  df^parture  in  the  latitude  column,  agaiu^t 
tvhich,  io  the  dibtaocu  column,  will  Mtatid  the  diiTcrence  of  longitude. 

Thus,  with  the  eourse  89^,  and  half  the  difference  of  hititude  ISS,  I  entdr 
TihlelL  the  nearest  number  in  the  table  is  132.9,  which  corre*<pond9  to  the 
^stance  171,  and  to  the  departure  107.0 ;  these  doubled  give  the  distance  9-1^2, 
iiid  the  departure  215,2  miles. 

Then  with  the  mid.  lat.  47^  44'  or  4G^  as  a  course, 
t  enter  Table  II.  and  seek  for  half  the  departure 
1^7.6  in  the  lat.  eoL  the  nearest  number  'to  which  is 
107.7,  which  corresp(»nds  to  the  distance  161  ;  this 
doubledgives  the  diff  of  long.  SZt  miles  nearly. 

CASE  V. 

Ml  kUttiie*  and  dtttence  given,  to  Jind  the  ooiirje, 
departure^  and  d^fetmte  of  kmgUude,  j 

S'ippose  a  shi})  sails  .iOO  miles  north-westerly,  from 
place  in  the  hititude  of  S7^  N.  and  the  lonptude 
ef      Ifi'  W.  until  she  is  in  the  latitude  of  41^  N  


9. 


■^(iuhcd  her  eourse  and  longitude  in  ? 


'  Vitodeteft  37  0 
I;4ttt9dein  41  u 


N. 


3; 

41 


O'N. 

0 


^:i4t 


4 

60 


0 


Sum 
Mid*  Is^ 


78 
39 


0 
0 
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BY  PROJECTION. 
Dnw  the  meridiaii  ACDf  on  which  set  off  DC  equal  to  the  dHiereBee  of 
latitude  340  nules;  draw  the  line  GB  perpendicular  to  DC;  take  the  die* 

tancc  300  in  your  compasses,  and  with  onr  fodf  in  1),  mh  a  rf-ntrc,  sweep  an 
arch  cutting  CB  in  B;  join  I)B  :  make  tin-  an^^Ir  i'H\  *  i\nti\  to  the  middle 
latitude  ii9-^  and  draw  BA  cutting  DCA  in  A,  and  it  is  done ;  for  BC  will  be 
the  departure  180  miles,  BA  the  difference  of  longitude  SSI  .6  miles,  and  the 
angle  BDC  will  reprcsf  nt  the  ati;;lc  of  the  ship's  course  with  the  meridian, 
which  will  therefore  be  JN.  .S6^  5^  W. 

BY  LOGARITHMS. 


To  find  the  course. 
AatiwdistaneeSOO 

Is  to  nuliiis  90  " 
Sp  is  diir.  lat.  '210 

To  co-sine  courfle  36-  52' 

To  find  the  departure. 
As  radiua  90'^ 
U  to  the  distance  300 
So  is  sine  course  3h  .i2' 

To  the  departure  ISO.O 


9.47718 

10.00000 
2.38021 

9.90309 

10.00000 
2.47712 
9.77S12 


To  find  tlie  difference  of  longitude  bj  the 
departure* 

As  ro-^inr  mid.  lat.  39  '  9.89050 
h  to  tlu;  departure  IbO.U  '»2.25524 
So  is  ndiiis  90O  10.00000 

To  diff.  of  long.  931.6  9.36474 

To  fuid  the  longitude  in. 

Lon^tudc  left  32-"  16'  W. 

Diff.  of  long.  3  58  W. 

longitude  in 


36    0  W. 


2.25524 

BY  GUNTER. 

1st.  The  extent  from  the  distance  300  to  the  difference  of  latitude  2  40  on 
the  line  of  numhers,  will  reach  from  radius  90^  to  the  complement  of  the 
COurserrrSS"^  8',  ou  the  line  of  sines. 

9diy.  The  extent  from  radius  90^  to  the  course  SG^  52'  on  the  line  of  smeS, 
,vin  reach  firom  the  distance  800  to  the  departure  180  on  the  line  of  numbers. 

8dly.  The  extent  from  the  complement  of  the  middle  latitude  51^  to  the 
radius  90°  on  the  line  of  sines,  will  reach  from  the  departure  180  to  the 
difference.of  longitude  £31.6  on  th<*  ijn«-  of  numbers. 

BY  IXSPHCTION. 
Find  the  course  (as  in  Case  IV.  Phuie  Saihng)  by  seeking  in  Table  II.  till 
against  the  distance  taken  in  its  column,  is  found  the  difference  of  latitude  in 

one  of  the  following  columns;  adjoining  to  it  will  stand  the  departure; 
which  if  leas  than  the  difference  of  latitude,  the  conrse  is  to  he  found  at  the 
top  of  the  Table,  but  if  Rreater,  at  the  bottom  ;  then  take  the  middle  latitude 
as  a  course,  and  find  tlie  departure  in  the  column  of  difference  of  latitude, 
against  which,  in  the  distance  column,  will  stand  the  diiference  of  longitude. 

Thus  the  distance  800,  and  the  difference  of  latitude  210,  are  found  to  cor- 
respond nearly  to  a  course  of  37"^,  and  a  departure  of  ir.O..'):  then  taking 
the  middle  latitude  SM'^  as  a  course,  I  seek  the  departure  lao.i  in  the  latitude 
column,  corresponding  to  which,  hi  the  distance  column,  is  the  difference  of 
longitude  889. 

CASE  VI. 

'One  latitude,  course,  and  departure  ^ivcn,  to  find  thr 
differenu  of  latitude^  distance^  and  difference  of  Ion-  1 
s^Uude.  A 
A  ship  in  the  latitude  of  SO^'IO'S.  and  longitude  of  30°  OC 
E.  sails  K.  S.  E.  until  her  departure  is  9r>7  tniles;  required 
her  distance  soiled,  and  latitude  and  longiuidc  in  7  q 

BY  PROJECTION. 
Draw  the  ineridiaa  ACD,  and  parallel  thereto  at  a  distance^ 
equal  to  the  departure  957  miles,  draw  t!io  line  EB  ;  make 
the  angle  CAB  equal  to  the  course  6  points,  and  draw  AB^ 
SMeting  EB  in  B ;  firmn  B  let  fall  upon  AD  the  perpendieiilar^ 
BC ;  then  will  AC  be  the  difference  of  latitude  396.4  miles, 
and  AB  the  distance  sailed  1036  miles ;  havinp;  thuft  obt.iined 
the  middle  latitude  53^  23' ,  muke  the  angle  CBD  equal  there- 
draw  BD  meeting  ACD  in  D;  then  will  BD  be  the 
of  longitade  1608  miles.  I) 


Thks  lopuiUim,  by  Uic  pri 
of  NMk 


operation,  was  fuuud  ci{mhX  to  2Ui!&i,  (ItiTcung  a  iiule  Trout  Uie 
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BY  LOGARITHMS. 

To  find  the  difi'.  of  latikidc.  |  To  uiul  the  Uutaiice. 

10.000001 As  nae  coune  6  points  9.%56S 

2.9809lis  to  thf  drpartiirc  «»j7  2.9S091 

9.f>l722'So  is  r.ulius  h  points  lO.OOOOQ 

**¥.3'itili  To  the  UisUuu  c  1036             '  3.01529 


jUnaiiu4poiati 

Is  (a  the  departure  957 
So  is  co-tang,  course  6  poiaU 

To  the  did:  of  lat.  39b,-4 
Latitude  left 
Dtflf.  of  lat.  396  miles 
Latitude  in 
Sum  of  latitudes 
Middle  latitude 


fiO^  10^  &  To  find  the  difT.  of  loogUode. 


!ifi   16  S 
106  56 
53  98 
T.onojitude  left 
Difl.  of  long.  1608 

Long,  in 


36  S.I  Ah  co-'«inp  mid.  bt.  53  J  28f 
b  to  the  departure  957 
So  is  nditts  90P 

To  the  diir.  of  long.  1608 

3(P  0(f  E. 
=      26   48  E. 

48  E. 


9.7747.1 
8.93091 


56 


BY  GUNTER. 

let.  The  extent  from  the  course  6  points  to  the  radias  1  ju>ints,  oo  th^ 
line  marlvcd  TR,  uill  reach  from  the  departuie  857,  to  tlie  difference  of 
latitude  396,4  on  thf  Dtir  of  nimilx  rs. 

Sdly.  The  extent  from  6  poinUi  to  the  ladinn  or  B  pointii,  on  liie  line 
marked  SRt  will  reach  from  the  departure  957,  to  the  distance  1098,  on  the 
line  of  numbers. 

.*>dly.  The  ♦  xtcnl  from  the  romph-im-nl  of  the  middle  latitude  5€P  32'  to 
the  radius  UiP,  <m  tlie  siiu's,  w  ill  rcarli  iVorn  the  departure  0&7,  t^thedificr- 
4;n€e  of  longitude  1608,  on  tht-  liiie  of  numbers. 

BY  INSPECTION. 

fHnd  thr  course  amonp;  the  points  or  dej^rees.  Tab.  I.  or  Tab.  II.  (as  in 
Case  111.  Plane  Sailiie;:;)  arul  tin-  «1.  i>artur  •  in  its  eohmin.  rorrestponding  to 
nhicii,  in  the  columns  of  dihlan«  e  ;ui(l  jlitrerence  of  latitude,  will  be  found 
the  distance  and  difTerencc  of  latitude  respectively;  then  with  the  middle 
latitude  as  a  course,  seek  the  departure  in  the  column  of  latitude,  correspond- 
ing to  which,  in  the  distance  coliunn,  will  stand  the  diflferencc  of  longitude. 

Thus,  I  enter  Table  1.  above  E.  S.  E.  or  r.  point.s,  and  seek  for  one-tenth 
of  tlie  departure  O^t^t  the  nearest  to  which  is  96,1,  and  the  corresponding 
numbers  are  104  and  89,8,  which  multiplied  by  ten  gives  the  diatante  M40 
and  the  difference  of  latitude  398  nearly;  th^middie  latltuda  Mng  nearly 
OrJJl'^,  I  seek  in  the  Table  of  r>.S^  for  the  distance  corresponding  to  a  tpnth  of 
the  departure  =:0.'>, 7  and  find  it  to  be  lf»9:  then  I  seek  for  the  same  number 
9!»,7  in  the  Table  of  54^,  antl  linU  tlie  number  corresponding  in  the  distance 
<rohimn  to  be  169,  half  the  sum  of  these  two  nnmbfurs  ia  161,  which  mulli- 
plied  by  10  (pvea  the  difference  of  lontritude  1610  nearly. 

CASK  \  it: 

One  UUUude,  fli^Umrc  <tai!>  /I,  mvi  drparturc  from  th>  mindian  ^iven,  to  Jind  the 
courst,  diJJ'trencc  of  latitude,  and  dijftnnct  of  longitude. 

A  ship  m  the  latitude  of  49<^  dO'  N.  and  longi- 
tude of  0' W.  sails  south-easterly  6t5  miles 
until  her  <1<  pTrture  from  the  meridian  be  .^00 
miles;  re(jiiii(fl  I  he  course  st;n>r(d.  Jind  the  la- 
titude and  longilude  the  ship  is  in  / 
BY  PROJECTION. 

Draw  the  line  BD  equal  t(»  tlie  dt  part  ore  .100 
miles, ;md  perpendicular  thert  f o  tliau  ihe  nieri- 
<lian  line  AIK'  :  take  .um  xtenl  e(|n.il  to  llie  <li>- 
tance  640  in  your  compasses,  and  wiiii  one  foot 
in  D  as  a  centre,  describe  an  arch  cutting  AB  in 
A,  join  AD,  then  will  AB  be  the  difference  of 
latitude  407, :»  miles,  and  HAD  the  course,  S. 
.';0^  liV  E.  Hem  e  ue  li'ive  llie  latitude  in,  and 
middle  latitude  ;  make  the  an^le  BDC  eqiuiltO 
the  middle  httititdo  and  draw  DC  cuttiuc  ABC 
in  C,  then  DC  will  be  the  difference  of  longi- 
tude 7S1J  miles. 
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BY  LOGAIUTIDI8. 

To  fimUhe  coone.               iLatUuaekft  44'^50'S% 

As  lite  dlslancc  645  80956  DiC  of  Itt.  408  6  4S  t>« 
!•  to  radius  90  10.00000 


8o  is  Uic  departure  500  2.69S97 

To  sinCMJOtirse  50  ^9*  9.S8941 
^  "  To  find  tiie  diflercnce  of  latitude, 
it  itdiw90P  10.00000 
Is  to  the  distance  645  8.80956 
So  is  co-siae  coum  60^  49^  9.80058 


Latitude  in  4%  4S  If. 


Vo  tbe  diff.  oflat.  407.5  2.61014 

To  find  the  difTercnce  of  longitude. 
As  co-sine  mid.  lat.  46-^  6'  9.84098 
fa  to  the  depvtnio  800  t«69897 
8»isndiiii90°  10.00000 


Longitiiflc  h  fl  25«>  0' 

Difl;  lo^g.  721  '         12   i  £. 

Uogiludeiii  12  091^ 


To  ti»c  difi:  of  long.  721.1  2.S5799 

BY  GUNTEH. 

J«t.  The  extent  from  the  distance  6  iii»  to  the  departure  500,  on  tlie  line 
0f  Dpnbera,  vill  reach  teom  the  radius  90^,  to  the  course  SOO  49^  on  the  line 
6f  smes. 

2dly.    The  extent  frdm  rarliiis  00'^.  to  \ho  mmplement  of  the  rour«e  50^ 
11\  on  the  Hnc  of  smv^,  will  reach  iVoni  the  difttance  645  to  the  diflcrcnc«;- 
of  latitude  407,5  on  the  hnc  of  numbers. 

^  Hd\y,  The  extent  from  the  complement  of  the  middle  latitude  48^  &4r, 
to  tlio  ra(Uu8  90°  on  the  line  of  sines,  v,\\\  reach  from  the  departure  &00,  ta 
tbo  difference  of  longitude  7£1,1,  on  the  line  of  numbers. 

BT  INSPECTION. 

'  As  in  Case  V.  Plane  Sailinpr.  find  the  course  hy  seekrnfr  in  Table  II.  lill 
li|Xain»t  the  distance,  in  its  cohimn,  is  found  tlie  i^ivcn  d('i».'\rtiire  in  one  of  th*». 
foilowioK  columns,  adjoining  to  whicii  in  the  other  column  will  be  the  difl'cr- 
%BQO  «f1a1itiido»wliN]k  if  gnwier  than  the  departure  the  M 
top,  but  if  leeaUie  eourse  will  he  found  at  die  bottom.  Then  talcc  the  mid- 
die,  latitude  as  a  course,  and  find  the  departure  in  the  column  of  differenro  of 
latitude,  against  whichi  in  the  distance  column,  will  be  foimd  the  difference 
of  longitude. 

Thus,  one-lhird  of  tiMdwtanee,  f  15,  and  one-tiiird  of  the  departore.  108,7, 

are  found  nearly  to  correspond  to  a  course  of  51  degrees,  and  a  ^fference 
of  latitude  of  135,3,  which  multiplied  by  3  ^ives  the  soiipjht  (llflTrronro  of 
latitude  406  nearly ;  then  with  the  middle  Intitiidr,  46^,  a.s  a  course.  I  enter 
the  Table,  and  seek  for  one-fillh  of  the  departure  =  100,  in  the  latitude  c<»- 
lumn,  the  distance  corresponding,  144,  being  multiplied  by  5  gives  the  differ-  • 
ence  of  longitude  7t0  nearljr. 

^  q,UESTIONS  FOR  EXERCISE. 

^lustion  I.  Required  the  bearing  and  distance  between  two  places,  ons* 
in  the  latitude  of  37°  55'  N.  and  longitude  of  54^  23'  W.  the  Other  in  thfr 
latitude  of  320  38'  N.  and  lont^itude  of  17^  :/  W.  ? 

AnsuxT.    S.  80O  9'  E.  and  N.  80^.  9'  W.  di.stunce  lU5  i  miles. 

Qjuestion  II.  Required  the  direct  course  and  distance,  from  a  plare  in  the 
latitude  of  36^  55'  S.  and  longitude  of  20^  0'  E.  to  another  place  hi  tlie 
latitude  of       38'  S.  and  longitude  of  hO  54'  ^y.  j 

Answer.    N.  79^  ib'  W.  distance  1  i  17  miles. 

Q,iM»(ion  III.    A  sliip  from  the  latitude  of  37^  30'  S.  and  longitude  of  60^ 
£.  saUs  N.  too      W.  m  miles;  required  the  latitude  and  longitude  in  ? 
Anmer.    Latitude  36^  55' S.  longitude  55©  50*  B. 

Question  TV.    A  ship  from  the  latitude  of  34°  37  N.  and  lonKitud*-  of 
450      ^v.  sails  S.  C3^  36'  E.  101  miles  ;  required  her  latitude  and  luoeitud^  1 
AMi9er*  Latitude  34°  24' N.  longitude  43^  H' W. 


I 


Sum  of  the  latitudes  92  12 

Middle  latitude  46     6  1 


(  77  ) 


MERC'ATOU'S  SAILLNG. 

THtl  cakulfttions  by  Middle  Latitude  Sailing  are.  sufiicicully  exaci  lur  * 
short  nm,  or  n  da3r*8  work,  and  are  to  be  preferred  in  all  cases  where  the 

differonce  of  latitude  is  small  in  coaip«iK>n  of  the  diiferenre  of  lonf^itiidef 
but  this  nn'thod  1*^  liable  to  p^reat  errors  in  calculatinj;  the  situaliona  of  places 
differing  greatly  in  latitude  and  longitude,  particularly  io  high  latitudes;  la 
remedv  this  inconvenience,  a  chart  was  invented  and  published  in  the  year 
1568,  by  Oeeard  Mkrcatok,  a  Flemish  €kof[rapher,  in  which  ail  the  meri- 
dians are  parallel  to  each  other,  but  propoilionally  lengthened  so  as  to  con- 
form to  the  spherical  figure  of  the  earth.  The  principles  on  which  this  chart 
is  constructed  were  first  explained  in  tiie  year  1599,  by  Edward  Wright,  an 
£DgIishnian,  and  are  as  follows. 

By  Theorem  If.  of  Parallel  Sailing,  the  distance  of  two  meridians  corre»» 
ponding  to  a  de^^i  <  (•  or  mile  of  longitude,  in  any  latitude,  is  to  the  length  of 
a  corresponding  de^^roe  or  mile  of  the  meridian,  as  the  co-sine  of  the  latitude 
is  to  the  radius,  that  i^  {by  Art.  LVI.  Geo.)  as  radius  is  to  the  secant  of  the  lati- 
fade.  ^  Hence,  if  the  meridians  are  supjposed  to  be  ^aralld  to  each  other,  or 
the  Stance  of  Uie  meridians  to  remain  the  same  in  evtfy  latitude,  the  de- 
;:ree  or  mile  of  latitude  must  he  increased  in  proportion  to  the  secar\t  of  th^ 
latitude.  Therefore,  if  thf  radi\>s  he  sup]>o«ed  \o  he  equal  to  <»iie  mile  the 
length  of  the  first  mile  of  latitude  from  the  equator  will  be  represented  by 
the  secant  of  1',  the  second  mDe  by  the  secant  of  tf,  the  third  mile  by  the 
secant  of  3',  he.  Therefore  the  h  ti^rth  of  the  expanded  arch  of  the  meri- 
dian may  ]«•  f(jimd  by  a  continual  atidition  »if  secants,  to  every  degree  auff* 
minute  of  the  quadrant,  as  in  Talilc  HI.  hy  irn  ans  fif  which  the  chart  (c^led 
Mercator's  chart)  may  be  constructed,  and  all  Uie  cases  of  Mercator's  Sailinj^ 
may  be  projected  ana  calculated.* 

In  using  this  table,  the  degrees  are  to  he  found  at  the  top  or  the  bottom, 
and  the  miles  at  the  side;  in  tlie  angle  of  meeting  will  he  the  length  of  the 
corresponding  expanded  arch,  nsnally  called  the  meridional  parts.  If  you 
wish  to  find  the  arch  of  the  expanded  meridian  intercepted  between  any 
two  parallels,  or,  as  it  is  usually  called,  the  flamdsonol  Sifirmet  •/  kUShnk, 
you  must,  when  both  places  are  on  the  same  side  nf  the  equator,  subtract  tUm 
mendimal  vartx  of  the  lesser  latitude  from  the  meridional  parts  of  the  greater^ 
the  rtmuindtr  will  i«  the  mtTidiorud  difference  of  latitwlr:  but  if  theif  are  on 
different  sides  of  the  equator^  the  sum  of  the  meridiotuU  parts  of  both  latitude^ 
wm  heOkmeriiUimaldigknaeiofiatUu^  requind. 

EXAMPLE  I. 

Beqiured  the  meridlona]  parts  corresponding  to  the  latitude  of  4X0  di'? 

I^>ok  in  the  bottom  or  top  of  the  table  for  42*^,  marked  42  d.  and  in  the 
right  or  left  handcohuTm  marked  (>1)  for  31',  under  the  former  and  oppoaite 

the  latter  stand  2828,  the  meridional  parts  corresponding  to  45^  31'. 

EtAMPi.K  II.    Rrqiiirod  the  Mcridioiml  (lif-lKxAMi'LK  III.    Required  the mcridionn!  dif- 


r»  reiict;  of  latitude  between  Cape  Cod,  in 
the  lat.  of  42<^  5'  N.  and  the  Inland  of  St. 
MarA ,  iu  the  latitude  of  36  59'  N.  ? 


fercitcc  of  latitude  between  a  place  in  tlia 
lat.  of  35"^  12'  N.  and  the  Cape  of  Good 
Hope,  ui  the  latitude  of  31  26'  S.  ? 


Cape  Cod's  lat.  48"  &  N.  Mer.  part«  3788  Lst.  35^  12"  N.  Mer.  par.  83:i9 

St.  MufB  lat  36<^  59^  N.  Mer.psrts  t39l  C.of6.H<»pe*sltt  »PWS,  Mer.  par. 

Meridional  dificrence  of  latitude  397  Sum  in  meridional  diflareace  of  lot  4ihS^ 

From  tliese  principles  it  follows,  th^t  in  sailing  upon  any  course,  fhf  trr' 
or  yrojnr  di  ffeit-ncr  of  latitude  is  to  the  departure  as  the  n'.n  nliouul  diffi  rencr 
of  latitude  is  to  Hit  difftrtnce  of  longitude.  Hence  if  MI  (in  the  figure  of 
Case  I.  foUowing)  be  the  proper  diference  of  latitude,  lO  the  departure, 

•  The  mnni>rr  of  ronictrucuiig  tlii*  «-hJirt  will  l»c  particularly  fxjOaimil  hrresU.  r.  It  may  be  ot^i^-rvi-il, 
that  the  smaller  ibr  svibdivuions  ol'  the  arch  of  the  nMTMllnn  are,  ilu-  -r<-alcr  will  lie  tlie  nccuracy  'M  ft..- 
calcalalcd  length  ol  tbt  npamM  arch  of  tbe  mcrkiiaiv  To  tw  jiei-feafy  accumte  tb«  arch  ouclu  to  be 
Mhil«M«d  into  the  i ma|j«>t  <iwuiti(iet  poMtWc  AtftaHoa  was  paU  to  tUi  rlreaiiiitawa  ia  alnit*itoc 
Am  aAovtHMailoMd  TaBCe. 
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MERCATOR'S  SAILINa 


3rO  th'-  dislancp,  the  ari^k*  FMO  (ho  cnurse,  and  we  takf  MT  equal  to  thV 
uierid'Kuial  dilfemife  of  latitiu^s  ami  draw  TH  parallel  to  lO  to  cut  MO 
ronliiiued  in  II;  the  line  TH  will  represent  the  diflerence  of  longitude:  for 
ihy  AH,  LIII.  Geom.;  MI :  lO  : :  MT :  TH.  Now  in  the  triangle  MTH,  by 
making  MT  radius,  w.  Iku  >IT  :  mdius  :  :  TH  :  tang.  TMH,  that  is  the 
mendimal  diffcrrnre  of  Uilitiule  is  to  radius,  ns  the  difference  of  lon^itudt  is  to 
thf  tangent  of  the  course.  By  making  MH  orTH  radius  we  t»hall  ha\e  other 
analogies,  which  combined  with  those  in  Plane  Sailing,  furnish  the  solutions 
of  the  various  cases  of  Mercator's  Sailing  coatained  in  the  foUovriog  table. 

MERCATOR'S  SAILING. 


Soagbu 

80LUT10.N8. 

1 

Both  LAlUudet 

Coane. 
Distance. 

Oepwtare 

Hatisff  boUi  taU.  ilw  iMr.dM:  IM.  is  raand  by  Tttte  lU. 
M«r.  tmt.  Int. :  lUul  : :  DUT-  Lonf  .  i  Tmng,  tkmtm. 
(  Had. :  Pni|i.  Di/T.  Lat. :   Secant  Course  :  DliUnce. 
J  ro-Slne  Oourse  :  Prop.  Diff.  Lai. :  :  Had.  :  DUumce. 
J  Kiul.  :  Pro}».  Diff.  Lnt.  i  :  Tang.  t;<>ur<(e  :  Dc|iarliir<^. 
I  Mer.  DUr.  LaI.  :  Dill".  Loup.  :  :  I'lon.  Dill.  Lat.  i  D<  |*rt. 

s 

Bolh  Lnlitudw 
«ii<J 

Course. 
Dktance. 

DUr.  Long. 

Merid.  DtH'.  Lat.  Ix-aig  t'oiind  liy  Table  III.  we  bave 
Prop.  Diff.  Lat.  :    Knditis  :  :  Departure  :  Tang.  CourMb 
S  Fladlii*  :  rri;».  Diff.  Lat.  :  :  Sec.  Course  :  Distame. 
J|  Sine  Ciiuns**  :  Dcivirture  :  :  lladius  :  DUtance. 
)  Rad. :  ^iler.  UUC  Lu. :  ;  TkQg.  Ovtmm  i  IMC  hmg, 
I  PfopwlMft  Ul. :  I>pp. : :  Mtt.  OiT. t  DiC&M^ 

s 

One  Latitude, 

I  lJ\lr^e 
f.i>d 

Drpjurture. 

iMir.  Ut. 

DifT  I,<.n- 

Radio* :  Dbianee : :  Sine  Ooane :  Dewufre. 

Kad. :  Di»i. :  :  Co-<ine  Coarse  :  Pmp.  DiflT.  Lat.    Htaci  W9  hnm  thr 

other  Lititude  and  mer.  dUT.  lat.     Table  III. 
iUd  :  Mer.  Diff.  Lnt. :  :  Tang.  Ctnirse  :  Diff  Long. 

BoUa  ^1^^^ 

J>ision(<". 
l>i'|i.trture. 

Ditf-  Long. 

Co-biiie  {^ourjo  :  Prop.  Difl".  I. at.  :  :  lta«l.  :  Di»t. 
ilttd.  :  ProiK  li(ff.  Lat. :  :  Tmig.  i  oune  :  Dfjwrture. 

Mer.  dill.  lai.  bciug  found  io  Table  III.  i\e  have 
Kad. :  Mer.  Diff  Liil.  :  .  Tang.  Course  :  Diff.  LoBf. 

s 

Bijtli  L;itiiiidi-* 
•od  UiMaace. 

Courao. 
Urpnrturc. 
tJUt-Limg. 

Uist. :  Kad. :  :  Prop.  Diff.  Lat. :  Co-sine  CouiM« 
Radius  :  Distance  :  :  Sine-Course  :  Departure. 
Rad. :  M«r.  Dift  Ut. : :  Taaf.  CoMW ;  IMC  U^. 

6 

Ono  L.tiitudr, 
C.'ourMr  and 
Utrparture. 

DiA  Ut 

Distance. 
inff.  Long. 

Rad. :  Dep. :  :  Co^ane.  Coune  :  Pmp.  Diff.  Lat. 

If^nce  we  have  the  other  latitude  ainl  mer.  il.il'.  latitude. 
Sii^r  Course  :  Departure  :  :  IlAiiitiii  :  Distitnrc. 
<  H.ul  :  Mer.  Diff.  Lax.  :  :  Tanfj.  Countt- ;  Diff.  Long. 
\  I'roj)  Dill.  Lii.  .  Dt  j).  ;  :  Mer  Diff.  LaU  :  Diff.  Loof. 

7 

Ovf  LMUiKle, 
Disuoce  Mid 

Conne. 
IXCUt. 

DULhamg. 

Di»l.  :  Had.  :  :  Dep  :  Sine  CourM-. 

Knd. :  Dt>t.    .  (  u-sine  Course  :  l>iff.  Lat.    Hence  we  oMaia  die  oUief 

latilutlc  ai.tl  kill  I  idi.iiii  (li.TiTeucv  latitude. 
(  Kad. :  iter.  DUL  iM.  i :  laof  .  Cmine  :  Dlfll  Uae. 
)  Prap.  mr.  Ut  t  Uep.  t :  Mer.  Dt A  Ut :  Die  LMff. 

CASE  I. 

Tfit  latitudes  and  iongiludts  oj  two  viaccs  given^  to  /ind  the  direct  course  and 

distance  oeUeten  than. 

Required  the  bearing  anAdistaaoe  from  Cape  Cod  Ligkt  Iloue  in  the  latitude  oT 
42  5^  N.  and  longitude  7U'  4'  W.  to  the  Lslaiid  uf  St.  .Mary,  one  of  the  Western  Ishuub^ 

ill  the  latitude  of  id  5')'  N.  and  longitude  of  2j   lU  VV.  / 

i     Cape  Cod's  lat.  42-    it'  N.        Meridional  parts  27tt8       I^nz.  70-    4'  W. 
tSti  Mary's  lat.  36  59  N.       Meridional  puts  S39|  25  10  W. 

  ■  t 

b  Mer.  ditf.  lat.      397  44  54  ' 


5 
00 


60 


•laflerence  of  tat.  306  miles.  DUT.  of  long.  2694  mijes 

BY  PROJECTIOX. 
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T^raw  llie  meridian  MT  »'<jual  to  thf  iinTidional  dinVreiu'c  ol"  latitude  3U7 
imk&i  set  ofT  also  upou  it  MI  eijual  to  the  proper  dlAiTencc  of  latitude  906 
mka ;  perpendicular  to  MT  draw  TH  and  lO,  make  TH  equal  to  the  dlf- 
Arence  of  longitude  f6tl4  miles,  draw  MH  ciittiii-  TO  in  O;  then  will  the 
i^TMH  be  the  course  S.  81^  37'  £.  and  OM  tlie  distance  2099  miles. 

BY  LOGARITHMS. 


To  find  the  course. 

A»  the  mcr.  diff.  of  lat.  .397  2.59879 

Is  to  radios  45^  10.00000 

So  is  the  diff.  of  long.  2694  3.430 1(» 


To  fiad  the  diatanoe. 

As  nuUiu  90^  10.00000 

is  to  the  proper  diff.  of  lat  306  2.48572 

>>n  is  secant  of  course  81°  37'  10.83626 

To  the  dktaiiceS099  miles  3.38198 


BY  GUNTER. 

M.  Extend  from  the  meridional  differenrr  of  Infitudo  :V>7  to  the  differ- 
ence of  longitude  2694  on  the  line  of  numbers;  that  extent  will  reach  froul 
the  radius  or  45^,  to  tlie  course  81°  ST  on  the  Une  of  tangents. 

tAj.  Extend  ftom  the  complement  of  the  coune  8^  £9^  to  radius  90^  on 
the  fine  of  sines^  that  extent  will  reach  from  the  proper  difference  of  latitude 
806,  to  the  distance  t099  on  the  Une  of  numbers. 

BY  INSPECTION. 
With  the  meridional  difference  of  latitude  and  difference  of  lonfjitude  useil 
as  difereuce  of  latitude  and  deuarture,  find  the  course,  by  inspecting  lite 
tables  uotd  those  numbers  are  found  to  correspond;  with  this  course  and 
the  proper  difference  of  latitade,  find  the  corresponding  distance. 

Thus  one  tenth  of  the  merid.  diff.  lat.  and  diff.  long,  are  found  to  a^e 
neaHy  to  a  course  of  7]  points;  this  course  and  one  tenth  of  the  proper 
difference  of  latitude  SO,G  is  found  to  correspond  to  the  distance  209 ;  this 
imdt^ilied  by  lO  gives  the  distance  8090,  dmering  a  little  from  the  result  by 
hpirithmsi  owmg  to  the  neglect  of  a  few  minutes  in  the  course. 

CASE  II. 

BtA  latiimieM  and  the  Aqmrtitre  given,  to  Jind  the  count,  dulaaee,  aad  d^feraw 

o/kngUude. 

A  ship  in  the  latitude  of  49^  57'  N.  and  longitude  of  * 
15-16  W.  sails  south-westerly  until  her  departure  is 
7t9imJes,  and  then  by  observation  is  in  the  1     ^i  'e  of 
SfiSfl^  N*  required  her  course,  distance  and  longitude  in  ? 

Latkft  4aPS9'V.       Mer.  parts  3470 

Uthi     39  90  N.       Mer.  parts  8571 

Diff.  Long. 


DiflllaL    10  37=637  m.  Mer.  diff.  lat.  899 

BY  PROJECTION. 
With  the  proper  difference  of  latitode  and  departure,  project  as  in  Ca^e 
VL  Plane  Sailinp;,  by  drawing  the  meridian  ABB,  on  which  take  AE  equal 

t'-  the  proper  difference  of  latitude  OSl  miles  ;  efect  ED  jxTppisdicnlar  t« 
\E  and  make  it  equal  to  the  departure  miles;  join  AD  and  continue  it 
towards  C:  make  AB  e({ual  to  the  meridional  ilifference  of  latitude  8U'J 
■ales,  and  draw  BC  perpendicular  to  AB,  to  cut  AC  in  C,  and  H  is  done. 
For  AD  will  be  the  distance  1014  miles,  BC  tlie  difference  of  longitude  1114 
and  the  angle  BAC  will  be  the  course  S.  51^  5'  W. 

BT  LOGARITHMS. 


To  find  the  course. 
Aa  the  proper  diff.  of  l&t.  637 
Istondhis480 
•ofaih>dspertttre789 

Tofsae.  course  51- 

To  find  the  difi.  of  long. 
Aa  redta480 
U  to  mer.      ef  lat  899 

^  is  tang,  course  51*^  :'»' 

Tb  diff.  of  loag.  1114 


2.80414 


10.00000  la  to  prop.  dilC  of  bt  637 


8.99708 


10.09894 


.\a  radius 


To  find  the  distance. 


So  is  sec.  course  51^  9 

To  the  di.^tnnce  1014 
Longitude  left 


10.00000 
8.80414 

10.20191 

~3.00f>Rj 


19 
33 


16'  W. 
34  W, 


10.00000  DiATof  long.  1114  =   

2.9  .37f.  Ungitude  In  33  ~59W: 

The  diff.  of  lon^.  may  :  Uo  be  found  by 
3.04670  sayiii«;,  as  prop.  dit).  ut  iaU  ;  dep.  :<  mcr. 
diff.  lat.  :  Uitt.  uf  long. 
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BY  GUNTER. 

let  The  extent  from  the  dUT*  of  ht  687  to  tiie  dep.  788  on  the  line  of 
tiumben,  tHII  reach  from  radius  45^  to  the  eourse  51^  5'  on  the  fine  of 

tangents. 

2dly.  The  extent  from  the  roiirse  f)!^  5'  to  radius  HO^  on  the  sines,  will 
reach  from  the  departure  789  to  thedistaiu  e  1014  on  the  line  of  nimibcrs. 

Sdly.  The  extent  from  the  radius  40  ^  to  the  oodrte  51^  5'  on  (he  fine  of 
t^ents,  will  reach  lirom  the  merid.  dilC  of  lat  888  to  the  difference  of 
Ibngltxide  1 1 14  on  the  line  of  numbers. 

•     BY  INSPECTION. 

Find  the  course  by  Plane  Sail'm^,  Case  VI.  by  seeking  in  the  tables  ivith 
the  proper  difference  of  latitude  and  departure  till  they  are  found  to  aper 
in  their  respective  columns,  corresponding  to  which  will  be  tlie  distance  in 
its  column,  and  the  course  wUI  be  found  at  the  top  of  that  column  if  the  de- 
parture b  leas  than  the  pnqper  difference  of  latituae*  otherwise  at  tiie  bottom ; 
with  the  same  course,  find  the  meridional  diflerence  of  latitude  in  the  latitude 
oohimn.  corresponding  to  which  in  the  departure  column  will  be  the  true 
diflerence  of  longitude. 

Thus  with  one  tenth  of  the  true  difference  of  lalitiide  and  depeituro  68,7 
and  78,8, 1  find  the  course  9lO,  and  the  distance  101,  which  multiplied  by  10 
^▼ee nearly  the  true  distance  lOlO;  in  Ihi-  same  table,  opposite  to  one  tenth 
of  the  meridional  difference  of  latitude  ClM)  I  find  the  departure  111,1,  which 
multiplied  by  10  gives  the  difference  of  longitude  1111  milei). 

CASE  III. 

One  kUUude,  course  and  distance  givrn,  to  find  the  dijftrtmt  of  latilude  and 

Mfkrmce  of  hn^Uuie. 
A  ship  in  the  latitude  of  42°  30'  N.  and  longitude  of  580  i\*  W.  89tUl  S.  W. 
by  S.  581  miles ;  required  the  latitude  and  lonptude  in  1 

BY  PROJECTION. 

• 

^Draw  the  meridian  ACC,  and  ADE,  making  an 
angle  with  it  equal  to  the  course  3  points,  make  Al) 
euual  to  the  distance  sailed,  5U1  mile?,  and  from  D  let 
fall  upon  AB  the  perpendicular  BD  :  then  will  BD  be 
the  departure  and  AB  the  difoenee  of  latitude,  48t 
miles.  Hence  we  have  both  latitudes,  and  the  meridi- 
onal difference  of  latitude,  to  which  make  AC  ecpial, 
and  draw  CE  parallel  to  BD  meeting  ADE  in  E,  then 
will  CEbe  the  difierenceof  longitude,  419,6  miles. 

BY  LOGARITHMS.  jm.  Umg, 

To  and  the  di£  of  latltoda.         |        To  find  tbc  dilT  of  loDgitude. 


A?  radius  8  points 
Is  to  the  distance  591 

f>  is  co^one  course  3  points 
o  prop.  diir.  lat  491.4  S.69144 
Lat.  left         42^  30'  N.  Mer.  Mits  SSSsiLong.  left 
Diff.  Lat.  491=^<  1 1  S 

L%t.ln  34  W  N.  Mcr  parts  2194 


l0.00OOD|As  radius  4  poinLH               "  lO.OOOOO 

2.77l59ils  to  the  mer.  diff  of  lat.  628  2.7^)79fi 
9.91983  So  15  tang,  course  3  pointa 

To  diff.  of  long.  419.6  8.62885 
Long,  left  58<'5I'W. 
DUr.  of  long.  480s    7  00  W. 

Long,  in       66  61  W. 


Mer.  diff.  lat.  625 

BY  GUNTER. 

1st.  The  extent  from  radius  8  points  to  the  complement  of  the  cnurn**  S 
pointa^  on  the  Une  marked  SR,  will  reach  from  the  distance  i»l  to  th^' 
dUferenceof  latitude  481.4  on  the  Kne  of  numbers. 

Sdly.  The  extent  from  the  radius  4  pobts  to  the  course  3  points,  oo  tHr* 
hnc  marked  TR,  will  reach  from  the  meridional  difference  of  latitude  6««  ti 
the  difference  of  longitude  419.6  on  the  line  of  numbers. 
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MERCATOR'S  SAILING. 


BY  INSPECTION. 

\s  in  Case  I.  Plane  Sailing,  find  the  course  at  top  or  bottom  of  the 
tables,  either  among  the  points  or  degrees,  and  in  that  |>.i};»',  opposite  tiie 
distance,  will  be  found  the  difference  of  latitude  and  departure  in  their  res* 
pe^Yft  cohimns. '  Then  in  the  tame  table  find  the  meridional  difference  of 
tttitude  in  the  latitude  column ;  corresponding  to  which,  in  the  departuni 
column,  will  be  the  diflerence  of  longitude. 

*  Thus,  under  tlie  course  S.  W.  by  S.  or  d  points,  and  opposite  ohe  tliird  of 
the  distance  197,  standi  163,8  in  the  latitude  column,  which  multiplied  by  M 
gives  the  difference  of  latitude  481,4  miles;  then  find  one  fourth  of  the 
meridional  difference  of  latitude  157  in  the  latitude  column,  against  which 
stands  105  in  the  departure  column,  which  muitipUed  by  4  gives  4tO  the  dif- 
ference of  longitude. 

CASE  IV. 

Both  latitudes  and  course  i^iven,  to  find  the  dUtiWct 
and  difftnncf  of  lon^itwle. 

A  ship  from  the  latitude  of  49^  57'  N.  and  longi- 
tude of  800  W*  iiSli  8.  SflP  W.  tlU  she  anires  in  the 
hititude  of  45^  81'  N.  Required  the  distance  run  and 

longitude  in  ? 

I>at.  h»ft  19°  57'  N.  3Ier.  parts    3  t70 

Lat  in    45    31  N.  Mer.  parts  3074 


Diir.  lat  4  testeem*     Mer.dUr.  lat  896  miles.      jOi^.  lH^ng. 


BY  PROJECTION. 
Draw  the  meridian  AEB,  on  which  take  AE  equal  to  the  proper  difn-r- 
encc  of  latitude  2C6  miles,  and  AB  equal  to  the  meridional  dim-renee  of 
latitude  896  miles;  make  the  angle  BAG  equal  to  the  course  39^,  and  draw 
ED,  BC,  perpendicular  to  AB,  rutting  ADC  in  D  and  C )  theo  will  AD  b8 
the  distance  842  miles,  and  BC  the  difference  of  longitude  8S1  miles. 

BY  LOOARITHMB. 

f9  ftnd  the  distsaes. 

An  the  co-sino  course  39'^ 
Is  to  the  prop.  diff.  of  lat.  266 
SobfSdkwSQP 


2.42488 


To  the  distance  342.3 


To  find  dw  di£  of  buibide. 

9.89050  As  radius  45^  10.00000 
Is  to  mer.  diff.  of  lat.  3%    .  2.59770 


laOOOOO  So  y  tang,  course  39° 


2.53438 
Longitade  left 
-IKfll  of  long. 

Longitude  in] 


To  the  dtS*.  of  ioiur.  320.7 
30°  O'W. 
391  s  5  91  W. 


9.90837 


35   21  IV. 


BY  GUNTER. 
om  the  ronipleraent  of  the  course  51    io  the  radius 
<m  the  sines,  will  reach  from  tlie  proper  difierence  of  latitude  266,  to  the 
dtstanee  849,8  on  the  Kne  of  numbers.  . 

2dly.  The  extent  from  radius  45°  to  the  course  89®  on  the  BaB  of  t&n* 
gents,  will  reach  from  th«;  meridional  difference  of  ktitude  896,  to  the  dif- 
lerence of  longitude  3£1  on  the  line  of  numbers.  ' 

BY  INSPECTTON. 

As  in  ca^p  II.  Plane  Sailini;,  find  the  courae  among  the  points  or  dogreos 
and  the  proper  dirterence  of  latitude  in  its  column,  adjoininj;  to  whiciwiil 
be  the  distance  and  departure  in  their  respective  columns ;  then  in  the  same 
^Ue,  find  the  meiid.  of  lat.  m  the  lat  column,  adjoining  to  which  in  tiie 
departure  column,  will  be  the  diflTen^nce  of  lonji;itude. 
^  Thus,  under  the  course  88^  and  opposite  the  half  dilT.  of  lat  133  (thie  • 
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nearest  to  which  is  IS2.9)  stand  171  and  107,6,  these  doubled  give  the  diV 
taoce  and  departure  21  ;  and  in  the  same  table  opposite  the  half 
ner.  dift.  of  lat  198  found  in  the  latitude  column,  stands  160.5  in  the  dep. 
column,  wbich  douUed  givM  tbe  diffbraice  of  kni^tade  m  miles,  nam 
i»  before. 


— * 

\  'a 

B 


CASE  V. 

Moik.UUUudes  and  distance,  given,  to  find  ike 
and  difference  of  longitude. 

A  ship  from  the  latitude  of  37^  N.  and  longi- 
tude of  32°  16' W.  sails  300  miles  north-westerly, 
until  she  is  in  the  latitude  of  41<^  N.  Required  the 
flonne  iteered  and  kmgitude  in  f 
Lat  left  370  N.  Mer.  parts  239. S 

lilt  in        N.  Mer.  parts  2702 

DUT.  let    4^Kf40  miles.  Mer.  diff.  lat.  309  miles. 


BY  PROJECTION. 

1.^^^  "T^fe**^'  AJ?  ^H^al  to  the  proper  dimrence  of 

latitude  240.  and  AC  eqiud  to  the  meridiomd  diflemee  oV  latitude  309  miles, 
rl  •  perpendicular  to  ABC  ;  with  an  extent  equal  to  the  dii- 

ance  ii«0  in  your  compasses,  and  one  foot  in  A  as  a  centre,  describe  an  an* 
eutUng  BD  m  D ;  draw  AD,  which  continue  to  cut  CE  in  E,  and  it  is  done ; 

toi™  trffc.^  ^  ^      course  of  360  52'.  BD  is  the  departure, 

•MGEisthedifoeiiceoflonptude  £31.7  miles. 

B7  LOOARITHMS. 

o.,.,.  *       ToftedthedMlef  longltiide. 

2.47712  As  radius  45"  10.00000 

*5*2S22^    ^  ^  of  'at-  309  2.499% 

t.S8091  So  ia  tang,  eoone  36°  5t  9.87501 


To  find  tlie 
4l  tbe  diatanee  300 

•liiVie^diCeriitMO 


T9  ct><aiae  course  36^  SS' 

Difofle 


9.90309|To  the  difT.  lone.  231.7 
taft  32^  16'  W. 


8.36497 


arioBgllBde  tSts  3  5t  W.' 

Loegitnde  in  36  08  W. 

BY  GUNTEU. 

♦  l^'r^.T^  ^5  d«^C€  SOO  to  tlie  proper  differenc  e  of  lati- 

tude 240.  on  ihe  Ime  of  numlier^  wril  readt  firom  the  radius  or  90©  to  {>30  «' 
Ine  complement  of  the  course  on  thr  lino  of  auies. 

e  course  36^  52'  on  the  line  of 
teUEents,  will  reach  from  the  meridional  difference  of  latitude  d08  to  the 
mlMce  of  bngitude  «31.7,  on  the  line  of  niunbcrs. 

BY  INSPECTION. 

f avil  U  l°J**®  the  distance 

fnS^.L^.f*'^ ^I'"^^  Riven  dMenmce  of  latitude  in  one  of  the 
following  columns ;  adjoining  to  it  wiB  sUnd  the  departuce,  which  if  kse 
than  the  dim  renrc  «>f  latitude,  the  course  will  be  fouirid  at  the  top,  Other- 
Wwe  at  Uie  boUoan  ;  in  the  same  table  find  the  meridional  diff-erenre  of  lati- 
ISjltii^diff^^  ''''^  ^"  the  departure  col«n«.will 

Thus  the  distance  300  and  the  difference  of  latitude  240,  are  found  tA 

tn  P'^?i?il**L^'°*'"^^"^  oflatitude  ir,4.0  (the  nearest. 

IS»I  ^        deparlure  column,  wWch  doubled 

fro  OiA  dUbranee  of  longitude  £S2.4. 
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MERCATCm'S  SAILING. 


CASE  VI. 

One  hUiMtt  eourte  and  departure  gh^Mt  to  find  the  dkUant,  iiJfemBtt  of 

latitude,  and  d\firmee  of  m  ' 

A  ship  from  the  latitii(i<'  of 
50^  10'  S.  and  longitude  ofriO^  — , 
K.  sails  E.  S.  E.  until  her  de- 
parture  is  957  miles;  rMpiired^  ^ 
the  distance  sailed,  and  the  latpIO  ijuo'' 
atude  and  looptude  in  T  g  jr^' 


BY  PROJECTION. 

Draw  the  meridian  ABC,  nnd  at  a  distance  from  it  eqaal  to  the  departure 
9.'*7  miles,  draw  the  line  FI)  parallel  to  ABC  ;  make  the  anj^le  BAD  equal  to 
the  course  6  points,  draw  AD  to  cut  FD  in  D;  from  D  let  fall  upon  AB  the 
perpencHcnIar  DB;  then  will  AD  l>e  the  distance  1036  miles,  AB  the  differ- 
ence of  latitude  S96  miles;  hence  we  have  hoth  latititdes,  and  Uie  meridkNiat 
diflerence  of  latitude  067  mili  s,  make  the  fine  AC  equal  thereto,  and  drafT 
CE  per|)endicular  to  AC  meetin;;  AD  conUnued  m  £;  then  will  C£  be  tim 
difference  of  lonaitude  IBlOmilcK. 


BY  L.OGAUITHMS. 


To  find  the  distance. 
As  the  sine  course  6  points 
la  to  the  departure  957 
So  is  radiuii  8  points 

To  the  distance  1036 

To  find  tbe  difl*.  of  lat. 
AsTadiiis4points 

Is  to  the  departure  957 

So  is  co-tang  course  f>  points 

To  prop.  diff.  of  lat  396.4  miles 


9.96562  Dili:  Ut.S%'=6 
2.98091 


10.00000 


ID'S. 
36  S. 


Lat.  in 


56  46  S. 
Merid.  diff.  of  lat. 


M Of •  piMV 

Mer.  parts 


349a 


415: 


As  nditts  4  iMiiBU 
10  00000  ^         merid.  diff.  of  Int.  667 
9I96O9I  ^     ^"o-  course  6  points 
9.61722  To  diff.  long.  lbi(y=26^  50^  £. 

2.598iil^""«-  ^  ^  ^ 

lloo^.  la  56  50  1. 

BY  GL'NTER. 


667 


2.8241  S 
10.382W 

3.2069i 


Ist  The  extent  from  the  course  6  points  to  radius  8  points  00  the  line 
marked  S.  R.  wiil  reach  from  the  departure  967  to  the  distance  1056  00  tibe 

line  of  numbers. 

2dly.  '  The  extent  from  radius  4  points  to  tlie  romploment  of  the  course 
Z  points,  on  the  line  marked  T*  R>  will  reach  from  the  departure  957  to  the 
difference  of  latitude  800  onAe  Ihie  of  nmiiliera. 

Sdly.  The  same  eitent  (fhim  the  radius  4  points  to  the  coone  6  pointft 
On  the  line  marked  T.  R  )  will  n-nch  from  the  meridional  difference  of  h^ 
tude  057,  ta  the  difference  of  longitude  Kiio,  on  the  line  of  nimibers. 

BY  IXSPRCTION. 

As  in  Case  III.  Plane  Sailiriir,  find  the  course  cither  in  Table  I.  or  TaWe 
II.  and  the  departure  in  its  column,  correspondinp:  to  which  will  stand  the 
distance  and  difference  of  latitude  iu  their  res|)ective  columns:  hi  the  same 
Tsble  Ottdthe  maridioBal  Weranee  of  latitude,  in  the  latitude  column*  cor- 
responding to  which,  in  the  departure  column,  will  be  found  the  difference  of 

longitude. 

Thus,  over  theVourse  K.  S.  E.  or  n  j>oiuts,  and  nj^ainst  one-fiflh  of  the  de- 
parture 191.4  stand  79.2  and  207,  which  multiplied  by  5  give  the  difference 
of  latitude  800  miles,  and  the  distance  1089  nules;  then  In  tiie  Mtude  eo- 
hnnn  find  a  tenth  of  the  meridional  difference  of  latitude  66.7,  the  nearf^st 
to  that  i.s  Cr<.(j,  against  which,  in  the  departure  column,  st^^^  100.8,  Wb2(j|| 
multiptied  by  10  gives  1608,  the  difference  of  longitude. 
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,  CASK  VH. 

One  lalitiidtf  distcnct  sailal,  and  departure  />-<rr«,  to  fnd  the  COfUrUt  diJ^tTtliu 

of  latitude,  atid  dijtrenct  of  longitude. 
A  slup  in  the  latitii^  of  490  90'  N.  and  the  ionf^ide  of  t50  W.  sails  south- 
easterly 645  miles,  making  500  miles  departure;  required  the  course  steered^ 
and  the  latitude  and  longitude  in  ? 

BY  PROJECTION. 
Draw  the  meridian  ABC,  and  on  A 
any  point  of  it  draw  B£)  perpendicular 
thereto,  and  make  it  equal  to  the  depar-, 
ture  500  miles ;  with  an  extent  equal  to^ 


scribe  an  arch  to  cut  AB  in  A,  join  AD  ;^ 
then  will  AB  he  the  proper  difference 
of  latitude  407.5  miles,  and  the  angle  B 
BAD  will  be  the  course  50^  49';  hence 
we  haye  the  other  latitude,  and  the  me- 
ridioual  difference  of  latitude,  to  w  hich  C 
make  AC  equal ;  and  dnw  CE  parallel 
to  BD,  meeting  AD  produced  in  £ ;  then  will  CE  he  the  difference  of 
longitude,  7£2. 6  miles. 


NT*' 

• 

0 

BY  LOGARITHMS. 


To  find  the  coune. 
At  the  distance  645 
ft  to  radius  90<^ 
So  it  the  departure  500 

To  ahte  of  course  50^  49' 


*  To  And  the  dUf.  of  long. 
ibmdhM450 

Is  to  nicr.  difT.  of  lat.  5S9 
>vo  is  tang,  course  50-  4y 

To  difi*.  of  long.  722.6 

Or  thus: 

Sa  prop.  diff.  of  lat.  407.6* 

Ix  to  the  departure  500 

i»o  is  the  uer.  difl*.  of  lat.  5S9 


Tbdatorioi«.79S.7 


2.90956 
10.00000 

•2.69897 

9.88941 


IIIIIIHI 


TofindlbBdifllofUu 

As  radius  90® 

Is  to  the  dialaaee  645 

So  u  co-sine  course  50°  49^ 

To  diff.  I.  407.5=6^  48'  S. 


Ill'  nil 


10. 

2.30956 
9.80058 


Lat.  left 

'Lat.  in 


2.77012  , 
10.08879' 

Long,  left 
Ditr.  long.* 

• 

LonT.  in 


49  30  N.  M.  par. 


2.61014 

3428 

42  42  N.  M.  par.  2839 


2.85691 


2.61014 

2.69897 
2. 


25 
12 


00  W. 

3  E. 


12   57  \V. 
Hence  the  ship's  course  is  S.  50""  49'  £2 


77012»1^  hi4^'«^  N.  Long,  hi  IS^^  57'  W. 


5.46909 
2.61014 


9.85895 


*  BY  GUNTER. 

lat*  The  extent  from  the  distance  645  to  the  departure  500  on  the  line 
of  numhera,  wlU  ruuii  from  the  radius  90^  to  the  coune  50^  40^  on  the  hne 

of  sines. 

Sdly.  The  extent  from  radius  90^  to  the  complement  of  the  course  98^ 
11'  on  the  Une  of  sines,  vnll  mch  from  the  distance  645  to  the  dlffiBfen&  of 
latitude  407.0  on  the  line  of  numbers. 

3dly.  The  extent  from  the  radius  4r)'^  to  tlie  course  50*^  49'  on  the  line  of 
tanj^ents,  will  rrach  from  the  mor.  diff.  of  lat.  589  to  the  difference  of  longi- 
tude 7i^.6  on  the  Une  of  numbers.  Or,  tlie  extent  from  the  proper  differ- 
ence of  fautttttde  407.5  to  the  departnre  500,  will  reach  firom  the  meridional' 
difference  of  latitude  589  to  diediffiereaco  of  longitude  7tt.7  on  the  Hoe  of 
numbers. 

BY  INSPECTION. 
Find  the  course  and  difference  of  latitude,  as  in  Case  V.  Plant-  Sailing,  by 
Seeking  in  Tab.  II.  till  the  distance  and  departure  are  found  to  correspond  in 
their  respective  columns,  adjoining  to  which,  in  the  column  of  latitude,  will 


•^TIUs  tog.  was  fouiHl  abore— it  diAcn  •  little  trom  Uie  Ipg;  of  VJIJ^ 
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h*'  found  the  tru«  difference  of  latitude,  which  if  ipreater  than  the  departure 
the  course  will  he  found  at  the  tup ;  but  if  less,  the  course  will  be  found  at 
the  bottom:  with  this  course  seek  the  meridional  difference  of  btitude  ia 
the  latitude  column,  adjoining  to  which  in  the  departure  cohunn  wiU  be 
found  the  difference  of  longitude. 

Thus  one-third  of  the  distance  £15»  and  one-third  of  the  departure  166,7 
arc  found  nearly  to  correspond  to  a  course  of  51  degrees,  and  a  difference 
of  latitude  of  ISb.S,  which  multiplied  by  3,  gives  the  true  difference  of  lati- 
tude 406  nearly.  Then  one-fourth  of  the  meridlonal  dttference  of  htitnde 
147,  in  the  latitude  column,  is  found  nearly  to  correspond  to  the  departure 
131.9;  thi*i  multiplied  hy  t,  j!;ives  7:^7.6  the  difference  of  lonf^tude  nearly. 

Having  explained  the  method  of  calculating  single  courses  by  Middle  JUi- 
titude  and  Mercator*8  Sailing,  it  now  remains  to  explain  the  method  of  cal- 
culating compound  courses.  To  do  this,  you  must  construct  a  TVaverse 
Table,  and  find  tlie  difference  of  latitude  and  departure  for  each  course  and 
tUstance,  as  in  Traverse  Sailing,  and  from  thence  tlie  whole  difference  of  la- 
titude, departure,  and  latitude  in,  with  the  departure  and  latitudes,  find  the 
difference  of  longitude  and  longitude  in,  as  in  Case  II.  of  Middle  Lititiide 
or  Mercator*s  Sailii^. 

This  nif'thod  is  exact  enough  for  working  any  single  day's  work  at  sea,  ex- 
cept in  hi;;li  latitudes,  Avhere  it  will  he  a  little  erroneous;  in  this  case  the  differ- 
ence of  longitude  und  longitude  in,  may  be  calculated  for  every  single  cotirsO' 
and  short  distance;  but  in  general  this  nicety  in  calculation  may  be  neglectsd. 

To  lOustratie  the  method  of  working  compound  courses,  we  abu  iiero 
work  an  example,  by  Middle  JLiatitude  and  Mercator's  Sailing. 


EXAMPLE. 


TRAVERSE  TABLE. 


^Jk    w»ji«|^  A •«  w^w**^  I  I  m 

Jatilude  of  47'  N.  longitude  75"  17'  Courses. 'q 
\V.  sails  the  following  true  courses,  ,L— _ 


ring 

y'm.  E.  by  S.  20  miles,  E.  N.  E.  15 

in  Ilea,  S.  E-  26  miles,  South  16  miles, 
W.  S.  W.  6  miles,  N.  W.  10  miles, 
und  East  SO  miles :  required  her  lati- 
tude and  longitude? 

By  constructing  the  Traverse  Ta- 
ble with  these  courses  and  distances, 
it  appears  that  the  ship  has  made  27.8 
miles  of  southing,  and  69.3  miles  of 
easting ;  and  bv  subtracting  the  south- 
ing Prom  the  latitude  of  Cape  Hen- 
lopen  there  remains  the  latitude  In 
a«o  Id' 


1 

[courses. 

Diff. 

Lat 

Departure. 

Q 

N. 

S. 

E. 

w. 

E.  by  S. 

20 

3.9 

19.6 

E.  N.  E. 

15 

18.9 

S.  E. 

26 

18.4 

18.4 

• 

South. 

16 

16.0 

W.  s.  W. 

6 

3.3 

^.i  1 

N.  W. 

10 

7.1 

7.1  f 

Easi. 

30.0 

 j 

lt.8 

tO.6 

81.0 

12^ 

1£.8 

lt.6 

D.Lat£7.8 

69.S 

Dep.4 

Cape  Henlopea*!* 
Latitude  in 

Sum  of  latitudes 
Middle  latitude 


38' 
3d 


17'  N. 
l^*  N. 


77  6 
3S  33 


Meridional  parts  25'2S 
Meridional  parta  2492 

"S6 


li\  inspection  of  T;il»le  II.  ft  appears  that  the  differenr*'  rtf  latitude  27.8 
and  departure  09. .S  (■«)rr<'Hpond  to  a  course  of  liiP  nearly,  and  a  distntiei"  i>r 
7:^  niilcb ;  and  in  Uie  same  page  of  the  Table  opposite  to  tiie  meridional  dif- 
ferenee  of  latitude,  found  in  the  column  of  latitude,  stands  the  differenee  of 
longitude  89  miles  in  the  departure  column;  this  subtractt  d  frdm  the  longi- 
tude of  Cajie  Ilenlopen  75^  17'  leaves  the  lonj^itude  in  7.P  tiV.>^y.  by 
Mercator's  SaiUng.  Or,  with  tlie  Middle  latitude  38*-^  33'  to  39'^^  as  a  course, 
find  the  departure  U9.3  in  t)i4>  lauiade  column,  opposite  to  which  ii  S9  in 
the  distance  column,  wMeh  it  the  difference  of  longitude  by  Middle  Latitude 
Sailing ;  consequently  the  longitude  in  is  78°  38'  W.  as  above. 

Thus  we  see  that  such  examples  are  performed  as  in  Traverse  Sailing  and 
Case  U.  of  Mercator's  or  Middle  L^ititude  Sailing,  either  hy  Inspection,  as 
above,  or  by  the  scale  of  logarithni^. 
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Uaviug  gone  tiirough  tUc  necessary  prubK-uis  iu  Mercatur'^  Sailiu^,  W» 
Shan  now  fhow  bow  Mereator's  Chart  may  be  constructed  by  means  of  the 
Table  of  Blaridional  Parts. 

7*0  construct  a  Mucatur's  Chart  to  coiniiinn  v  <it  the  Kqttuior. 

Supposf?  it  was  required  to  construct  the  Chart  in  tlie  Platr  prefix«-d  to  this 
work  which  begins  at  the  equator,  and  reaches  to  Uie  parallel  of  50  degrees, 
and  contains  95  degrees  of  longitude  west  from  the  meridian  of  Greenwich? 

Draw  the  line  AD  representing  the  equator,  then  take  from  any  scale  of 
equal  parts  the  number  of  niiinites  contained  in  95  dco^rrcs,  viz.  5700,  which 
«et  off  from  A  to  D;  subdivide  this  line  into  95  equal  parts  rcprcscntinfc  de- 
crees of  longitude.  Through  A  and  D  draw  the  lines  AB*  DC  perpendicu- 
hur  to  ADt  and  make  each  of  them  equal  to  9474  which  are  the  meridional 
parts,  corresponding  to  50  degrees.  Join  BC  which  must  be  subdivided  iu 
the  same  manner  as  tlie  line  AD;  and  through  the  correspondinji;  points  of 
the  lines  AD,  BC  must  be  drawn  (at  the  distance  of  10^  or  £0^)  the  lines  ])a- 
rallel  to  AB,  representing  meridians  of  the  earth ;  these  lines  must  be  num- 
beared  <K  10, 10,  Sic.  beginning  at  tiie  line  AB  which  reprasents  the  meridian 
of  Greenwich.  S«'t  off  in  like  manner  upon  the  meridians  AB,  DC,  (bojcin- 
ning  from  the  equator  AD)  the  meridional  parts  correspondiuK  to  each  de- 
gree of  latitude  from  0*^  to  50^ ;  and  through  the  corresponding  points  (at 
the  distance  of  10^ or  80^)  draw  lines  pamltel  to  the  equator  AD,  to  repre- 
sent die  parallels  of  latitude.  Then  the  upper  part  of  the  chart  will  repre- 
sent the  north,  tho  lower  the  south,  the  rip!>t  hand  the  east,  and  (ho  left  hand 
Jtbe  west  (which  is  generally  supposed  in  charts,  unless  the  contrary  is  ex* 
Ipresslv  mentioned.) 

If  toe  Chart  does  not  eommenee  at  the  equator,  bnt  is  to  serve  for  a  cer- 
4Mn  portion  of  the  globe  contmned  between  two  parallels  of  latitude  on  the 
feime  side  of  thfe  equator,  you  must  draw  the  meridians  as  directed  in  the 
last  example;  then  subtract  tlie  meridional  parts  of  tiu'  least  latitude  of  the 
•chart  from  tlie  mcridiunai  parts  of  the  other  latitudes,  and  set  off  these  dif- 
ierences  on  the  ntreme  meridiana,  draw  lines  through  the  correapondicg 
points,  and  they  will  be  the  parallels  of  latitude  on  the  chart. 

If  the  chart  ts  to  be  bounded  by  parallels  of  latitude  on  different  sides  of 
the  equator,  you  nuast  draw  a  line  representing  the  eijuator,  and  perpendicu- 
lar to  it  draw  the  lines  to  represent  the  meridians,  continuing  tlicm  on  both 
sidM  of  the  equator;  then  aet  off  tiie  parallels  of  latitude  on  both  sides  of  the 
^equator,  in  the  same  manner  as  in  the  first  example. 

Take  from  the  T.ible  4»f  latitudes  and  longitudes  of  places  the  latitude  and 
longitude  of  each  particular  place  contained  within  the  h»)unds  of  the  chart, 
and  lay  a  rule  over  its  latitude  and  another  crossing  tliat  over  its  longitude; 
the  point  where  these  meet  will  represent  the  proposed  place  upon  the  chart. 
The  mpst  remarkable  point  of  a  sea  coast  bemg  thus  laid  dow  n,  lines  may 
be  drawn  from  point  to  pi>int  which  will  form  the  outlines  of  the  sea  coast, 
islands,  &,c.  lo  whieli  may  be  annexed  the  depths  of  tvater  expressed  in  com- 
mon Arabian  numbers,  the  time  of  high  water  on  the  full  and  change  days 
expressed  in  Roman  numbers:  the  setting  of  the  tide  expressed  by  an  ar^ 
row ;  and  whatever  else  may  be  thought  convenient  for  the  chart  to  contiiin. 

This  chart  is  not  to  be  considered  as  a  just  representation  of  thr  earth's 
.surface,  fur  the  figures  of  islands  and  countries  are  distorted  towards  the 

Eolest  as  is  evident  from  the  construction;  but  the  degrees  of  latitude  and 
»n^tude  arc  increased  in  the  same  proportion,  so  that  the  bearings  between 
.places  will  be  the  same  on  the  chart  as  on  the  globe;  and  as  the  meridians 
ar»'  right  lin»*s,  it  (Villou  s,  that  the  rhumbs,  whirli  form  equal  anj:!es  w  ith  tlie 
meridians,  will  be  straight  lines,  which  render  this  pri^ection  of  tlie  earth's 
surface  much  more  easy  and  proper  for  the  mariner's  use  than  any  other. 

J  lacing  iht  lalUude  and  longitude  of  a  ship  or  plact^  to  Jind  tht  corresponding 

pomi  on  ihe  chart. 

RcLK.   Lay  a  ruler  across  the  chart  in  the  given  parallel  of  latitnd<>:  take 
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in  your  eomuasscs  tlie  nearest  distance  between  the  given  longitude  and  the 
nearest  m^ricBan  drawn  across  llie  chart;  put  one  foot  of  die  GontiBSsea  it 
tiie  point  of  intersection  of  the  ruler  and  meridian,  and  extend  the  other 
along  the  cdg;e  of  the  ruler  on  tiic  sarae  sid»-  of  the  meridian  as  the  place 
lies,  and  that  point  will  represent  the  place  of  the  ship. 

If  tlie  longitude  on  the  cJiart  be  counted  from  a  diflerent  meridian  from 
that  you  reckon  llrom,  you  niust  reduce  the  nvcn  longitude  to  the  longitiade 
of  the  chart,  by  adding  or  subtracting  the  ififference  of  longitude  of  those 
meridians,  and  then  mark  off  the  ship's  place  as  hefiire  directed.  Or,  you 
may  draw  a  meridian  line  throuj^h  the  place  you  reckon  your  longitude  from; 
then  measure  off  tlie  ship's  loneitude  on  tlie  equator,  and  apply  it  to  the 
edge  of  the  ruler,  from  mis  meiMian,  and  you  will  ohtain  the  ship^s  plaM. 

7%  find  the  bmring  of  any  place  from  the  ship.  * 

Rule.  Lay  a  ruler  across  tlie  |!;iven  place  and  the  place  of  the  ship;  set 
One  foot  of  the  compasses  in  the  centre  of  some  compass  near  tlie  ruler,  and 
take  the  nearest  distance  tu  the  edge  of  the  ruler;  sUde  one  foot  of  the  com- 
passsB  along  tint  edge  keeping  the  otlrar  extended  to  tlie  greatest  dbtanctt 
firom  the  rtder,  and  ohaerve  what  point  of  tlie  compass  it  comes  Deavsst  to, 
for  tt»t  will  lietiie  bearing  required. 

To  find  Ae  dUkmee  of  my  fhee  fttm  tkt 

lii;i.£.  Take  the  distance  between  the  ship  and  given  place  in  your  com- 
passes and  apply  it  to  tlie  side  of  the  chart  or  graduated  meridian,  settiog 
one  foot  as  much  above  one  nlace  as  the  other  is  below  the  other  ])1nce,  the 
number  of  degrees  between  tke  points  of  the  compeases  will  be  the  distance 

nearly. 

Wnen  the  places  bear  north  and  south  of  each  other  this  rule  is  accurate; 
but  when  they  bear  neariy  east  and  wist,  and  the  distance  is  large,  it  will  err 

considerably ;  but  in  general  it  is  exact  enoiif^h  for  common  puqposes;  if 
greater  accuracy  is  required,  it  is  best  to  find  the  distance  by  calculation. 

If  any  one  wishes  to  estimate  the  distance  accurately  by  the  chart,  he 
must  proceed  in  die  following  manaor: 

1.  If  the  place  be  in  the  mme  loof^tude  that  the  sh^  is  m,  then  tiie  |m«- 
reding  rule  is  accurate. 

If  the  place  be  in  the  same  latitude  as  the  shi}),  or  bear  east  or  west,  the, 
distance  caimot  be  obtained  without  calculating  it  by  Case  I.  of  Parallel 
SaiRng. 

S.  If  the  place  be  nehher  in  the  same  latitude,  nor  in  the  sune  longitude 

as  the  ship,  the  distance  must  be  found  in  the  following  manner  :  Lay  a  ruler 
over  both  places,  and  draw  through  one  of  them  i  parnllel  to  the  equator: 
take  the  dinerence  of  latitude  between  both  places  in  your  compasses  from 
tira  equator;  sUde  one  foot  on  that  ])arallel,  keeping  the  other  extended  so 
that  both  points  shall  be  on  the  same  meridian,  and  note  tlie  point  of  the 
ruler  which  is  touched  by  the  other  foot  of  the  compasses,  take  the  distance 
from  this  point  to  the  given  place  through  which  the  parallel  was  drawn  and 
apply  it  to  the  equator,  and  you  will  have  the  sought  cUstance. 

Tne  bearing  and  ^stance  of  any  two  places  frmn  each  other  may  be  found 
In  the  same  mamier  as  the  bearing  and  distance  of  any  place  from  tlw  ship. 

EXAMPLE. 

Required  the  bearing  and  distance  between  the  cast  end  of  Long-Island 
and  the  north  part  of  Bermudas?  • 

A  ruler  being  laid  over  both  phraes  as  directed  in  the  preceding  rule,  it  wBI^ 
be  found  to  lay  parallel  to  the  N.  W.  by  N.  and  S.  £•  by  8-  nne;  and  the^ 
distance  between  the  two  places  being  taken  in  the  compasses,  and  applied 
to  the  graduated  meridian,  will  measure  about  10  degrees  or  000  miles 
therefore  these  places  bear  from  each  other  N.  W.  by  N.  and  S.  B.  by  S.  and 
tii«ir  disttace  la  660  miles  neariy. 
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VARIOUS  methods  have  been  proposed  for  measuring  the  rate  at  which 
a  ship  sails,  but  that  most  in  use  W  by  the  Log  and  Half-Minute  Glass. 

Tbe  I«og  is  a  flat  piece  of  thin  board,  of  a  sectoral  or  quadruital  fonn, 
(tee  Plate  VI.  Fig.  S)  loaded  on  the  circular  side  with  lead  sufficient  to  make 
it  swim  uprij^ht  in  the  water:  to  this  \n  fastened  a  line  about  100  fathoms 
long,  called  the  Log-iine,  which  is  divided  into  certain  spaces  called  knots, 
and  is  wound  on  a  reel  (see  Plate  VI.  Fig.  4)  which  turns  very  easily. 
latiit  Half-BIiniite  €Ha»  is  of  the  same  form  as  an  Hour  Glass,  (see  Plate  VlL 
Fig.  2)  and  contains  such  a  quantity  of  sand  as  wiUjrttn  through  the  hole  i» 
tf-s  neck  in  half  a  minute  of  time. 

The  making  of  the  ex^riment  to  find  the  %  elocity  of  the  ship  is  called 
heavmg  the  log,  which  is  thus  performed.  One  man  holds  the  reel,  and 
•notter  the  haff-minnte  glass;  an  oflker  of  the  watch  throws  the  1o^  orer 
the  s!)ip's  stem,  on  the  lee  side,  and  when  he  observes  the  stray  line  is  nm 
off  (which  is  about  ten  fathoms,  this  distance  hv\n^  usually  allowed  to  curry 
the  log  out  of  the  eddy  of  the  ship's  wake)  and  the  first  mark  (which  i«* 
generally  a  red  rag)  is  going  off,  he  cries  turn!  the  glass  holder  answem 
,  Mm/  wno  watchfaig  tbe  gnss,  the  mctment  it  b  nm  out  says  ttepl  die 
reel  being  immediately  stopt,  the  last  mark  run  off  shows  the  number  of 
knots,  and  the  distance  of  that  mark  from  the  reel  is  estimated  in  fatliom«. 
Then  the  knots  and  fathoms  together,  show  the  distance  the  ship  has  nni 
the  preceding  hour,  if  the  wind  has  been  constant.  But  if  the  sale  has  not 
been  the  same  during  the  whole  hour,  or  time  between  heaving  me  log,  or  if 
there  has  been  more  sail  set  or  handed,  a  proper  allowance  must  be  made* 
Sometimes  when  the  ship  is  before  the  wind,  ana  a  p;reat  sea  setting  after  her. 
it  will  bring  home  the  log;  in  such  cases  it  is  customary  to  allow  one  mile 
in  10,  and  less  in  proportion  if  the  sea  be  not  so  great;  allowance  ought  also 
to  be  made  if  there  be  a  head  sea. 

This  practice  of  measuring  a  ship*s  rate  of  sailing  is  founded  upon  th« 
following  principle:  That  the  length  of  each  knot  is  the  same  part  of  a  sea 
mile,  as  half  a  minute  is  of  an  hour.    Therefore  the  length  of  a  knot  ought 

to  be  A  t  but  bj  various  admeasurements  it  has  been  found 

that  the  length  of  a  sea  mile  w  about  •IfO  iiwt;  hence  the  length  of  a  sea 
knot  should  be  51  feet  .*  each  of  these  knots  Is  divided  into  10  fethoms  oC 

about  5  feet  each.  If  the  glass  be  only  28  seconds  in  running  out,  the  length, 
of  the  knot  oup;ht  to  he  47  feet  and  6  tenths.  These  are  the  length  RPnerally 
recommended  in  books  of  navigation,  but  it  may  be  observed,  that  in  manir 
trials  it  has  been  found,  that  a  ship  will  generally  over*run  her  reckouijig  witK 
a  log^Une  thus  marked;  and  since  it  is  best  to  err  on  the  safe  side,  it  has  been 
generally  recommended  to  shorten  the  above  measures  by  9  w4U^U  "^Ving 
the  length  of  a  knot  about  7^  Dathoms  of  6  feet  each,  to  corre^^ond  with  a 
glass  that  runs  28  seconds. 

In  heaying  the  log  you  must  be  careful  to  Teer  out  the  line  as  fast  as  the  lof^ 
will  take  it;  for  if  the  log  is  left  to  turn  the  reel  itself  the  log  wiB  come  home 
and  deceive  you  in  your  reckoning.  You  must  also  be  careful  to  measure  the 
log-line  pretty  often,  lest  it  stretch  and  deceive  you  in  the  distance.  Liko 
regard  must  be  had  tliat  the  half-minute  glass  be  just  30  seconds,  otherwise 
no  accurate  account  of  the  ship's  way  can  be  kept.  The  glass  is  much  influ- 
enced by  the  weather,  running  slower  In  damp  weather  than  in  dry.  The 
half-minute  glass  may  be  examined  by  a  watch  with  a  second  hand,  or  by  the 
following  method — Fasten  a  plummet  on  a  line  and  hang  it  on  a  nail,  obgf  rv- 
ing  that  the  distance  between  the  nail  and  middle  of  the  plummet  be  .59^ 
Inches,  then  swing  the  plummet  and  notice  how  often  it  swings  while  the  glass 
h  runidng  out,  and  that  wiU  be  the  number  of  seconds  measmed  bj  the  g^ 

3V  eomei  the  digtmmt  wktn  the  log-line  and  htdf'mwMie  gkue  an  fault jf. 

If  thm  be  any  error  in  the  teg-line  or  glasif,  the  meaaurejil  disUnce  mit^.f 
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he  corrected  iu  the  foUawiug  niaaner,  8upiNMUi|^  tkit  a  30"  i^lass  requires  do 
(ect  to  a  knot. 

(1.)   If  the  glass  only  is  faulty,  yon  must  my,  om  %ht  tteoniU  ntn  hjf  lAe 

^1(183  are  to  iiO  seconds,  so  ia  the  dtBtimee  f^vm  by  the  lus:  to  the  true  Jis  'tanre. 

Thus  if  a  ^Mp  s:iils  S-J  knots  ]>*'r  hour,  by  a  glass  of  *5  secoudSt  the  true 
uuiuber  of  knots  j)er  hour  will  hi-  7,1  ;  for,  36  :  30:  :  8,I> :  7,1. 

(2.)  If  the  log-liue  only  is  faulty,  you  must  say,  as  00  feet  is  to  iiie  dis- 
tanee  of  a  kniU  mi  tht  line,  $oUthe  iitkaue  nm  fhf  the  hg  to  the  true  dkianee, 
Thu9,  if  a  ship  siiils  7  knots  pnr  llOUr«  Inr  a  log^line  measuring  03  feet,  htr 
true  distance  will  he  7,1  miles  per  hour,  hecause,  50  :  O.J  :  :  7  :  7.1. 

(3.)  If  the  log-Uae  and  glass  are  both  faulty,  you  must  say,  as  OU"  miU" 
ttplied  by  the  length  of  the  glms  is  to  SO  multiplied  by  the  length  of  the  Ime,  eo 
is  the  meaiuTtd  to  the  trm  dutmee*  •Thus,  if  a  ship  sails  0  knots  per  hour 
with  a  glass  of  £4  seconds,  and  a  log-line  of  60  feet  per  knot,  her  true  Ttflo- 
city  will  be  9  miles  per  hour,  because  dO  x     ^  90  x  60 : :  6:9. 

DESCRIPTION  AND  CSE 

OF  A 

UUADIIANT  of  KEFLECi'lOA. 

MR.  JOHN  HADLEY  was  the  first  who  published  a  description  of  ih^ 
^jMdronlt  ofR^fieetion,  for  measuring  angular  distances,  and  tlio  instrament 
still  bears  his  name,  although  it  has  been  ascertained  that  Sir  Isaae  JUnetOH 
»invenf»'d  a  similar  one  .some  jears  before,  but  never  made  it  public  :  one  of 
uur  countrymeu,  Mr.  2^houuis  (jodfrty^  of  Philadelphia,  had  also  conlri\  «*d 
an  instrument  on  the  same  priuciples  some  time  before  Mr.  Hadley  madt; 
ki)own  his  discoTery. 

Figure  1,  Plate  VII.  represents  a  Quadrant  of  Reflection,  tho  princij»al 
parts  of  which  are,  the  frame  ABC,  the  graduated  arch  BC,  the  nid»  \  i\. 
the  nonius  or  vernier  scale  K,  the  iHde.x  glass  F,  Uie  horizon  glasses  G  and 
H,  the  dark  glasses  or  screens  I,  and  the  sight  vanes  K  and  L. 

The  gradiuittd  arch  BC  is  an  octant  or  eighth  part  of  a  <  In  lc,  but  on  ac- 
count of  the  double  reflection  id  divided  into  UO^  ntuuhered  lioin  0^  toward;' 
the  left,  .irid  each  d»^p;ree  is  commonly  divided  into  three  etpial  parts  of  t*i 
minutes  each.  Tlie  graduation  on  the  limb  is  continued  a  feu  degrees  to 
the  right  of  0^;  thb  portion  is  called  the  orcA  of  excess,  and  is  found  y*-i  y 
convenient  for  several  purposes* 

The  index  I)  is  a  flat  bar  conunonly  made  of  l>ra«s.  move.'ibb*  roiuMl  the 
centre  of  the  instrument,  and  broailer  towards  the  axis  of  motion,  where  is 
fiixcd  the  index  glass  F ;  at  tlie  other  end  is  fixed  tiie  nonius  or  vernier  scide. 
used  in  estimating;  the  subdivisions  of  the  arch ;  at  the  bottom  or  end  of  the 
index  there  is  a  piece  of  brass  which  leads  under  tlie  arch,  having  a  spring 
te  make  the  vernier  lie  elos<'  to  the  limb,  and  a  screw  to  fa'itcii  ji  in  any  po- 
sition. Some  quadrants  have  a  tangent  screw  ;Llli\t  d  to  the  lower  part  wf 
the  index  to  adjust  its  motion.  The  vertUtr  is  u  small  narrow  .slip  of  brass 
or  ivory  fixed  to  that  part  of  the  index  which  dides  over  the  graduated  arch, 
and  usually  contains  a  space  equal  to  21  or  19  divisions  of  Uie  iiml>i  and  is 
divided  into  20  equal  parts;  hence  tlie  dift'erencr*  between  a  division  on  the 
hmb,  and  a  division  on  tlie  dividing  scale,  is  one  twwntietii  of  a  division  of 
the  Umb,  or  one  minute ;  therefore,  if  any  division  on  the  vernier  is  in  the 
same  strai^t  tine  with  a  divbion  of  the  limb,  then  no  other  division  on  the 

•  Initeail  <>f  uuilUulyiiiLr  t!ie  Icn^^tii  of  Ihf  j:Ih^>  hy  j>X  auil  the  liiu-  !•>  .JO.  >i»(i  rm  iniilliply  thv  iur- 
tn^r  l>y  6,  nud  th«  fuiwr  hy  i  If  .11  v  oiic  ch.».v.-M-f  to  mark  llie  lo}:  liiif  Ml  ili  ui  *)  r.  <•:  |r,i-*a  f^bntuf 
JO  M%iiaii>,     iuu*l       IL»  KsumruU  ivit^tb  ul  Uu  «iw(  iortcad  ut  0U,  iu  aU  Umt  HUi>e  rui>t. 
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Vfniirr  can  coincide  nith  n  tli>isi()n  of  the  limb,  the  extremo  divisions  ejp- 
cepted.  Some  time  ago  il  was  usual  to  reckon  the  divisions  on  the  vernier 
from  its  middle  towaras  the  right,  atlO  finom  the  left  towards  the  middle » 
hilt  this  bcln^  found  inconvenient,  a  more  commodious  method  has  been  in- 
♦rodiircJ  of  numherin*;  from  r\^ht  to  lift ;  lionre  the  degree  and  minute, 
pointed  out  by  the  vernier,  may  be  found  thus:  observe  what  minute  on  the 
remier  coincides  with  a  division  on  the  limb,  then  this  minute,  being  added 
to  the  def!;nH'  and  parts  of  a  (les;ree  on  the  Hlnb  immediately  preceding  the 
first  division  on  the  vrrnior,  Avill  Iw  the  df^rrr  and  minute  required.  Thu)5, 
suppose  10'  on  the  vernier  coincided  %vith  a  division  on  the  limb,  and  that 
the  division  on  the  limb  preceding  tlie  first  division  of  the  vernier,  was  £^  i20', 
the  division  pointed  out  by  the  veroier  wotdd  be  8^  W. 

The  indtx  s^lass  F,  is  a  plane  speculun  or  mirror  of  ^lass,  quicksilvered 
•nnd  ^o.t  in  a  brass  fnmc;  it  is  so  placed  that  the  of  it  is|peq>endicular 
to  the  plane  of  the  instrument,  and  is  fixed  to  the  index  by  the  screw  M  ;  the. 
Other  screw  N  serves  to  replace  it  in  a  perpendicular  position,  if  by  any 
accident  it  has  beea  put  out  of  order.  The  use  of  this  mirror  Is  to  receive 
the  rays  from  the  stm,  or  other  object  observed,  and  reflect  them  towards 
the  hori/on  t:]n«ccc. 

The  horizon  glasses  C  and  H,  are  Uvn  f?mall  spcciduins — G  is  called  the 
fort  horizon  glass^  from  its  bcinc  used  in  the  common  or  fore  observation, 
*  where  the  ol»ervcr*8  fWce  is  tumed  towards  the  object ;  and  H  the  hack  Jbrt- 
SM  glasSt  being  used  in  the  back  €hteTVttHon,  where  the  observer's  bark  is 
turned  towanU  the  obirct ;  these  mirrors  receive  the  reflerted  rnys  from  the 
index  glass  and  reflect  them  to  the  eye  of  the  observer.  The  horizon 
♦glasses  are  not  entirely  quicksilvered ;  the  fore-horizon  glass  G  is  only  sil- 
Tered  on  the  lower  half,  the  other  part  being  transparent,  and  the  Iwck  part 
of  the  frame  cut  away,  that  the  horizon  or  any  other  object  may  be  seen 
through  it:  lh<'  bnrk-horizon  prlass  H,  is  silvered  b(tTh  ends  ;  in  the  mid- 
dle is  a  transparent  sht,  through  which  the  horizon  may  be  seen  :  these  (no 
glasses  are  set  in  brass  frames  simihirtothat  of  the  index  giuss,  and  lixed  on 
moveable  bases,  which  are  adjusted  by  acre\\  s  so  as  to  set  the  glasses  in  their 
true  position?!.  In  general  there  are  three  dark  ff/rr.ws  or  screens  I,  two  red 
hnes  of  different  shades,  and  one  screen  :  each  is  set  in  a  brass  frame,  which 
turns  on  a  centre  that  they  may  be  used  separately  or  together  :  they  serve 
to  defend  the  eye  from  the  rays  of  the  sun  during  an  observation.  Tin  •  grcrn 
glass  is  peculiarly  adapted  to  take  off  the  glare  of  the  moon,  but  may  be 
nsed  for  the  stm  wlien  murh  <»!i-(  !ned  by  clouds,  AVhen  these  glasses  are  '  * 
used  for  a  f(»re-ol),-ifTvation,  t!u  y  are  to  be  fixed  as  in  fig.  I,  but  when  USed 
for  a  back-observation  they  arc  to  be  placed  at  O. 

The  iigktvan^,  K  and  L,  are  pieces  of  brass  standing  perpendicular  (o 
the  plane  of  the  instrument;  the  vane  K  is  called  the  fore-stght  vane,  And  Lt 
the  back-si£cht  mnr.  There  arc  tWo  hides  in  tlic  fore-sij^ht  vane,  the  lower  . 
of  which,  and  the  upper  ed^f  '^f  the  silvered  part  of  th«>  rore-hnriz*tn  r1.i?5 
iire  equi-distant  from  tlie  plane  of  the  instrument,  and  the  other  iiole  is  opi>o- 
site  to  the  middle  of  the  transparent  part  of  that  glass.  The  back-sight  vane 
has  oneperfr  rat  on  which  is  exactly  opposite  to  the  middle  of  the  transpa- 
rent ?lit  in  the  haek-horizon  j^lass. 

The  adjiislinfj^-ld  '  r,  (fiji;.  i.)  which  is  fixed  on  the  back  of  the  (juadrant, 
serves  to  adjust  the  horizon  glass,  by  placing  it  p<iniliel  to  the  index- glass; 
when  this  lever  is  to  be  made  use  of,  the  screw  B  must  be  first  loosened,  and 
when  by  the  adjuster  A  the  horizon  glass  is  sufficiently  moved,  the  screw  B 
must  be  faste  ned  np;ain,  by  which  means  the  horizon  glass  will  be  kept  from 
changing  its  position. 

To  adjust  a  quadrant. 
As  the  quadrant,  from  various  accidents,  is  liable  to  be  out  of  order,  it  is 
necessary  that  the  mariner  should  be  able  to  ascertain  the  errors,  and  re- 
adjust the  several  parts  before  he  proceeds  to  make  his  observation^.  Por 
this  purpose  he  mn^t  examine  whether  the  imlex  glasjs  and  thr-  hori/on 
glasses  be  perpcndicidar  to  the  plane  of  the  instrument,  and  whether  the 
plane  of  the  forc-biorixon  glass  be  parallel,  and  that  of  the  back-horizon  glass 
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*  perpendicular  to  the  plane  of  the  index  glass,  when  0  on  the  renucr  stands 
against  0  on  the  limb. 

IsL   To.  aieertam  whether  l&e  tnit  r  ^ila^s  U  ptrpeniieuUtr  to  tha  plan^  of  tht 

(Quadrant* 

Place  the  \m\ex  nn  iho  middlr  of  tlir  .irrh,  and  hold  tlu-  indrx  ^las-s  no,\r 
the  eye,  look  inlo  it,  in  a  direction  parallel  to  the  plane  pf  the  instruuieut, 
and  see  if  the  rejected  areh  appear  exictly  in  a  line  with  the  areh  seen  di- 
rect, or  if  the  jmage  of  any  point  of  tlie  arc!i  neur  B  appear  of  the  same 
height  as  the  corri'spotulinj!;  part  of  t!ic  arcli  n»  ar  C  pimmi  dirrrt,  if  so,  tl:»i 
index  «?la«»s  is  pcrp«;ndici:lar  to  the  plane  of  tin*  quadrant;  if  not,  th«'  i  rrnr 
mubt  be  rectified  by  the  screws  on  the  base  behind  tiie  frame,  by  looseniiiji; 
the  screw  M,  and  tightening  the  screw  Nt  cr  by  loosening  the  screw  Nt  an^ 
tigMeaing  the  screw  M. 

Sd.   To  atcBrtam  uhetktr  the  Jbre-horhon  glaao  be  pcrpendietdar  to  the  piianr 

of  the  Quadrant. 

Having  adjusted  the  index  glass,  hold  tho  inHtrument  in  ri  vr>rtical  poj-I 
tion:  lo<jk  tliroujch  thr  for«'-sip;ht  vane,  and  move  the  indr\  till  the  refl<'ct»'d 
and  direct  images  of  tlie  horizon,  seen  in  tht?  horizon  glass,  cinucide;  then 
'  inclme  the  instrument  tiU  its  plane  is  nearly  parallel  to  the  horizon;  if  the 
images  stiH  roindde,  the  horizon  glass  stands  perpetidicular,  otherwise  it 
does  not,  and  must  be  ad)nst«-d  by  the  «rnMvs  placed  before  and  behind  it, 
looscniii;;  <»:if*  of  them  and  tit!;bt*'ii?ii);  tlio  uiIht. 

This  adjustment  may  be  made  by  llie  sxiu,  mo«jn,  or  star,  by  holding  the 
4piadrant  m  a  Tertical  position,  and  observing  if  the  object  seen  by  reilecti<>n 
appears  to  the  rl^rht  or  left  •f  the  object  seen  direct;  and  moving  the  screwii 
as  above  till  both  ijna?;ps  eoinrid*'. 

Alter  liaviiij;  mad<*  the  lntrix.on  and  index  glasses  parallel,  according  t»»  th't 
directions  in  the  following  arlidi.,  it  uill  be  beat  to  re-examine  this  adjiisi- 
ment. 

•  • 

M*   To  make  the  horixon  glass  oaralUl  to  the  index  gjasi  tpha^  Q  PH  t^t*  ten^itc 

Mtauas  on.  0  on  the  arch^ 

Having  Htedthc  index  so  that  0  on  the  vernier  stands  on  0  on  the  arch, 

look  at  any  distant  ohjrct  and  ex'c  if  the  image  of  it  coincides  with  the  ol»je(  t 
it.Hclf:  if  it  d(»es.  the  adjustment  is  complete:  if  not,  they  nnest  he  niafle  la 
roincide  by  means  of  the  adjusting  hjver.  The  hori/.oii  may  ht!  used  for  tbi.-i 
purpose  in  the  followhig  manner:  hold  the  plane  of  the  instnmient  vertical, 
look  through  the  lower  hole  in  the  van(>  K,  and  direct  the  sight  through  the 
transparent  part  of  the  (Il.jss  G  to  the  h-triyon;  then  if  the  hori/on  lin**, 
seen  in  the.  silvered  and  transparent  part,  ctwncides,  or  makes  one  straight 
line,  the  horizon  glass  is  said  to  he,  adjusted;  but  if  the  horison  lines  do  not 
coincide,  slacken  tho  screw  B  [fig.  £)  in  the  middle  of  the  adjusting  lever, 
and  turn  the  horizon  glass  on  its  axis  until  the  horizon  lines  coincide,  then 
fix  tlie  lever  firmly  !)y  ti;;hteni!i{r  the  j^rrew  B.  If  tliis  .ndjusJinent  hi;  ajcaiii 
e\.i mined,  it  will  perhaps  be  found  imperfect;  in  this  case,  tlmrefore,  it  re- 
mains either  to  repeat  the  adjustment^  or  find  the  error  of  it  usually  called 
the  index  error^  which  may  he  done  thus — Tjct  the  horizon  glass  remam  fixed, 
and  move  the  index  till  tlie  iina;:o  and  (d»jecl  coiiu  lde,  then  the  dilferencrt 
hrfwern  0  on  the  vernier  and  0  on  the  arch  is  th<'  index  error,  wliieh  is  lo, 
be  added  to  the  angle  or  altitude  observed,  if  the  0  on  the  vernier  be  to  th*'* 
right  hand  of  0  on  the  arch,  otherwise  to  be  subtracted.  Thus  if  the  hoH- 
son  was  used,  the  instrument  being  held  in  a  v<  rtiral  position,  you  must  took 
through  the  lower  lu)le  of  the  vane  K,  towards  the  hori/am;  then  move  the 
index  till  the  n-fiected  ami  direct  imajjes  of  the  horizon  coin<-ide,  the  differ- 
ence between  0  on  the  v«Tnier  awil  0  on  the  ari  h  will  be  the  index  error. 

4tb.  Tq  adjust  the  hack  liorizon  glass^  that  it  may  bf  pcr^fdulicutar  to  the  plane 
of  the  index  ^/cm,  when  0  on  the  vender  otando  on  0  on  the  aieh. 
Set  the  uidex  as  f^r  to  the  right  of  0  on  the  arch  as  twice  the  dip  of  th^ 
horizon  (t^kcn  from  Tabic  XIIl.)  hold  the  quadrant  in  a  vertical  p«silitia» 
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look  towards  thr  horizon  through  the  hole  in  the  liack  horizon  ran^  L,  and 
the  transparc'nt  sht  of  (he  hnrk  lii>ri/on  cIrm?  H,  then  if  the  rrflerted  horizon, 
w  hich  w  ill  appear  inverted,  coincide  with  that  seen  direct,  the  glass  is  truly 
adjufted,  otherwise  the  screw,  in  the  centre  of  the  lever  on  the  under  side 
of  the  quadrant,  must  5?]ackened,  and  the  ;;laSs  turned  on  its  axis  till  boUfc 
hprizons  coincide,  when  the  lever  should  be  fixed  by  tightening  the  screw. 

5th.   To  adjuii  the  back  horizon  glasa  that  it  may  he  pei^pendicular  to  tii 

plane  of  the  quadrant. 
Put  the  index  on  0:  hold  the  quadnint  nearly  parallel  to  the  horizoli; 
look  through  the  hole  on  the  back  sight  vane,  and  if  the  true  and  rellcctcd 
horisBons  appear  in  the  lame  straight  line,  the  glass  is  perpendicular  to  the 
pi  <ne  of  the  instrument;  but  if  they  do  not  ooiMide.,  the  sunk  screws  before 
aud  behind  the  gluss  must  be  turned  till  both  appear  to  form  one  stnight  line* 

To  take  an  altitude  of  the  Smhya  Fore  Obsert'otion. 
If  the  sun  is  hri;;ht,  turn  down  one  or  more  of  tlie  dark  p;lasses:  hold  the 
inslrunient  in  a  vertical  |)ositioii;  apj^ly  th<' <'ye  to  the  upper  hole  in  the  fore- 
night  vane,  when  the  image  is  so  bright  as  to  he  seen  in  the  transpiffeut  part 
of  the  fore'horixon  glass*  otherwise  to  the  lower  hole;  direct  th«  «ght  to 
that  part  of  the  horizon  beneath  the  sun,  and  move  the  index  till  you  bring 
ihe  imntrf"  of  his  lower  limb  to  touch  th««  horizon  directly  under  him;  but 
a-  iJiis  point  cannot  he  exactly  a«;rrrtaine(l,  the  observer  should  move  bis 
iii.-trument  round  to  the  right  and  le,it  a  liltief  keeping  as  nearly  as  possible 
the  ann  always  in  that  part  of  the  horizon  glass,  which  is  at  the  same  distanc«> 
as  the  eye  from  the  plane  of  the  quadrant,*  hy  which  motion  Uie  sun  will 
appear  to  sweep  the  horizon,  and  muf»t  he  made  to  touch  it  at  the  lowest  part 
<»t  the  arch;  the  degrees  and  minutes  pointed  out  hy  the  index  will  be  the 
ohsenred  altitude  of  the  sun's  lower  limh  at  that  instunt. 

*  To  lake  an  altitude  of  (he  Moon  by  a  Fore  Observation. 

Jn  the  night  when  the  moon  is  bright^  her  image  may  bo  seen  in  the  trans- 
parent part  of  the  fore-horison  glass,  and  the  observation  may  be  taken  ex* 

nct]y  in  the  same  manner  as  an  obsenation  of  the  sun.  If  tlie  image  is  so ' 
faint  as  not  to  be  seen  in  the  (rani*}jarent  part  of  the  hrtrizon  glass,  you  must 
set  the  index  tu  0,  hold  the  plane  of  the  quadrant  in  a  vertical  position,  di- 
rect the  sight  to  the  moon,  and  at  the  same  time  look  for  her  reflected  inuge 
in  the  sUveied  part  of  the  horiion  glass ;  move  the  mdex  forward  till  the 
moon's  image,  which  will  appear  to  descend,  just  touches  the  horizon,  then 
sweep  the  quadrant  as  in  ol>srrviii|f  the  sun,  and  hrinj;  her  round  limh  into 
contact  with  tiie  horizon,  whetlier  it  be  her  upper  or  lower.  The  degrees 
and  minutes  pmntod  out  by  the  jndez  will  be  the  obsanred  altitude  of  that 
Iftnb  which  was  brought  ui  contact  widt  the  horizon. 

To  take  an  aUUuie  of  a  Star  hy  a  Fore  Ofisenxrfisii. 
This  is  done  exactly  in  the  same  manner  as  in  observing  the  moon*s  alti- 
rude  when  her  image  IS  SO  folnt  as  not  to  be  seen  in  the  transparent  part  <ff 

the  horizon  glass. 

To  take  the  Sun's  altitude  bif  a  Back  Observaiion. 
I*i:t  the  dark  glasses  in  the  hole  O,  and  turn  one  or  more  of  them  dowp. 
aecording  to  tlie  brightness  of  the  sun;  then,  holding  the  instrument  iu  n 
vertical  position,  look  through  the  back  sight  vane  towards  that  part  of  the 
horizon  opposite  the  sun;  move  the  index  till  the  sun's  image  b  seen  in  the 
silvered  part  of  the  glass ;  give  tlie  quadrant  a  slow  vibratory  motion  and 
the  sun  will  appear  to  describe  an  arch  with  its  convex  side  upward ;  hrioR 
the  upper  limb,  when  in  the  upper  part  of  this  arch,  in  contact  with  that  part  . 
of  the  horizon  seen  through  ttie  transparent  slit,  and  the  degrees  and  minutes 

*  tm  CMsmM  iMMimMi,  tf  the  upper  bole  b«  loukf«l  through,  U>e  run's  image  miMt  Im>  mnde  to  8pp<«r 
MllM  middle  of  Ikt  tnuispiirent  part  of  the  borUmi  gla.«s  but  if  ttic  loircrjMit  be  IouImhJ  tliroogh,  il»e 
lame*  milMl  aadt  lo  appt-ar  on  the  line  joinins  tlic  siUeml  aa4  iwaupwl  fata  oT  tlw  boriSM  alaM, 
M  iCcM  Mrtiorika  InriMi  glau  are  at  tlie  tanw  lUstancealaDni  Ibe  plaae  «r  tIktiaainMCat  as  Cha  Mca 
U  isa  lIpiivaBiece^pccawaly. 
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ffiwted  out  by  die  IKdex,  will  be  the  altitude  of  the  sun*9  lower  fimb.  The 

altitude  of  the  moon  or  a  star,  may  be  obtained  in  the  s  ime  iiiaillier«  only 
•bsrrvin^  ia  bring;  the  round  <'dtt'*  of  the  muon  to  the  horiziMi. 

The  back  observation  la  but  little  used  on  account  of  the  dilliculty  of  ad- 
justing and  obeervfaig:  Tarkms  remedies  have  been  proposed  for  these  de> 

fects,  but  none  have  yet  been  gernT.-illy  adopted.    The  back  obaervation  of 

the  altitu<]e  of  any  objert  is  usi-ful  only  when  thiTP  ih  not  an  open  horizon 
for  tlie  fore  ohserv  ation  ;  but  evi-n  in  that  rane  the  for*'  o!)servation  mif^ht 
often  be  used,  if  the  distance  of  the  horizon  wa»  known,  da  xyiii  be  explain- 
ed fiurther  on. 

(TV)  take  the  mrridion  altitude  of  any  celestial  objert  by  n  Fore  Observation. 

When  the  object  rises  and  sets,  it  comes  to  the  meridian  above  the  hori- 
zon only  once  in  24  hours,  and  i.s  then  at  its  greatest  altitude,  by  observing 
which,  the  latitode  nm  j  be  eaiily  determined.  The  Bim  emnes  to  the  men- 
dian  exactly  at  noon  or  \Z  oVIork  :  the  moon  and  stars  at  various  hours. 
To  observe*  the  meridian  aUitud**,  hcRrn  a  few  minutes  before  the  time  of 
passing  the  meridian  ;  bring  the  oi>ject  to  »weep  the  horizon  according  to 
the  precedinK  directions ;  this  must  be  repeated  until  the  object  begins  to 
descend  1)elow  the  cdg;e  of  the  sea ;  the  degrees  and  minutes  uien  shewn  by 
the  index  will  be  tiie  meridian  altitude. 

If  the  object  doos  not  s«'t,  it  conii's  to  the  meridian  below  the  poln,  and  \< 
then  at  its  least  altitude ;  this  altitude  may  be  observed  a3  above  directed 
with  this  difference,  that  you  must  continue  sweeping  till  tiie  object  begins  to 
risi^  above  the  edge  of  Uiesea,  instead  of  descfnditij;  bilow  it. 

The  nu  ridinn  altitude  of  any  object  may  be  taken  in  a  similar  Dunaer  by 
a  back  observation. 

Strictly  speaking,  this  metliod  of  finding  the  meridian  altitude  ia  abtiolule- 
ly  accurate,  onl^  when  the  ship  is  at  rest  and  the  8un*s  declination  constant* 
For  if  the  ship  is  sailing  towards  the  sun,  the  altitude  wilt  be  increased,  and 
it  will  be  decreased  if  sailin*;;  from  the  sun;  but  tJie  correction  of  altitude 
arising  front  thiis  source  is  very  sinall,  and  may  be  neglected  in  all  nautical 
calculations,  as  will  be  shown  hereafter. 

Advice  io  Stanun  in  the  choke  of  a  (Quadrant, 

The  joints  of  tlie  frame  must  be  eln?e,  without  the  least  opening  or  loov- 
n^ss,  and  the  ivory  on  the  arch  inlaid  and  fixt  d,  so  as  not  to  rise  in  any  place 
above  the  plane  of  the  histrument ;  all  tlu;  divisions  of  the  arch  and  vernier 
must  lie  exceedingly  fine  and  straight,  so  that  no  two  divisions  of  the  Temier 
(excej>t  the  first  and  last)  coincide  at  the  same  time  with  the  divisions  of  the 
arch.  All  the  glasses  belonging  to  the  quadrant  should  have  their  surfaces 
perfectly  plane,  and  their  fore  and  back  surfaces  exactly  par.-dlel ;  the  first 
of  these  requisites  in  the  horizon  glass  and  Index  glass  may  be  thus  Terified 
by  means  of  two  distant  objects :  move  the  index  till  both  objects  are  ex- 
art  ly  in  contact,  at  the  upper  edge  of  the  silvered  part  of  the  horizon  glass, 
then  move  the  quadrant  in  its  own  plane  so  as  to  make  the  united  ima?;es 
move  along  the  line,  separating  tlie  silvered  from  the  transparent  part  of  the 
horizon  glass,  and  if  in  this  motion  the  Images  continue  united,  the  reflecting 
surfaces  are  good  planes,  othenvise  the  planes  are  imperfeet.  The  parallelism 
ef  the  two  surfaces  of  the  reflecting  glasses  nny  also  be  examined  by  view- 
ing the  image  of  some  object  rellected  very  obli<juely,  for  if  that  image  ap- 
pears single  and  well  defined  about  the  cdgeti,  it  is^  a  proof  that  the  surfaced 
are  paraffel ;  on  the  contrary,  if «the  edge  of  the  refleeted  image  appears  as 
if  it  threw  a  fidnt  shadow  from  it,  or  separate^  like  t^vo  edges,  it  is  evident ' 
tb^f  the  two  surfaces  of  the  glass  are  inclined. to  each  other;  if  the  image 
be  tiie  sun,  and  viewed  throu^rli  a  small  tebx  (q>e,  the  examination  will  be 
more  perfect.  To  examine  the  dark  glasses,  you  must  bring  the  image  of 
a  distant  object  to  coincide  with  the  object  seen  direct;  then  ttim  the  colour- 
ed glass  so  that  the  plane  which  was  next  to  the  index  ghuB  may  now  ^e^  • 
next  to  the  hori/on  na<*s,  and  if  the  direct  and  reflected imigts  Still  coiocidet 
tjie  surfaces  of  the  )^ia5s  ute  parallel. 
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A  SEXTANT  is  constructed  on  the  same  principles,  and  may  he  iisrii 
for  measuring  altitades,  in  the  same  manner,  as  a  quadrant*    The  arch 

of  a  ^rxtant,  as  its  name  implies,  contains  60^*  hut  by  reason  of  the  double 
rertection,  is  divided  into  120"^.  This  iiistniniont  is  p.^rticularly  intended  to 
measure  the  distance  of  the  moon  from  the  siu),  or  a  fixed  star,  and  as  that 
distance  is  wanted  as  accurately  as  possible,  to  determine  the  longitude  of 
the  phice  of  obsenration,  the  instrument  is  constructed  with  more  carei  and 
is  provided  with  some  additionai  appendages  that  are  wantiui;  in  the  quad- 
rant.  V'lv;.  3,  Plate  VII.  represents  a  sextant,  the  frame  of  ^vliich  is  i;eii<*rally 
made  of  Itrnss,  or  other  hard  metal,  the  handle  at  it«>  bark  is  made  qif  wood  ; 
by  ibis,  when  observing,  the  instrument  is  to  be  held  with  one  hand,  while, 
the  other  is  movinii;  the  index.  The  arch  AA|  b  divided  into  ItO^,  each  de- 
gree into  three  parts  «)f  20  minutes  each,  and  the  vernier  scale  is  in  genera! 
so  divided  as  to  slu-n  hnlf  miniile?.  In  some  sextants,  the  degree  is  divided 
into  6  equal  parts  of  10  each,  andtiie  vernier  shows  10". 

In  order  to  observe  with  accuracy,  and  make  the  images  come  precisely  in 
contact,  a  Umgent  screw  Bh  fixed  to  the  index,  by  which  it  mav  be  moved 
with  gjreater  regularity  than  it  can  be  by  hand;  but  this  screw  doei  not  act 
tmtil  the  ind<'x  is  fixed  hy  the  Pcrew  C  at  the  back  of  tlie  sextant.  Cnre 
should  be  t^ikcn  not  to  force  the  tangent  screw  when  it  arrives  at  pither  ex- 
tremity of  its  arch.  When  the  index  is  to  be  moved  any  considerable  quan- 
tity, the  screw  C  must  be  loosened ;  but  when  the  index  is  brought  nearly 
to  tiie  division  required,  tlie  back  screw  C  should  be  tightened,  and  then  tiie 
index  moved  pradually  by  the  tan^;ent  screw^. 

in  many  sextants,  Uie  lower  part  of  the  index  glass,  or  that  next  the  plane 
6t  the  bistrument,  is  silvered  as  usual,  and  the  back  surface  of  the  upper 
part  painted  black;  a  screen,  painted  Uacic,  is  fixed  by  its  axis  t(»  the  base 
of  the  index  ^Inss,  and  may  be  placed  over  the  silvered  part  whrn  tl)e  rays 
are  strong  ;  in  n  hich  rase  the  imaj^e  is  to  hv  reflected  from  the  outer  sur- 
face of  Uic  u])per  part,  and  the  error  which  might  probably  arise  from  the 
planes  of  the  glass  not  being  parallel,  is  thereby  avoit  led. 

The  coloured  gUujses  are  similar  to  those  applied  to  a  common  quadrant, 
and  are  usually  four  in  nmnbcr,  placed  at  D,  to  screen  tlv  eye  from  flie  solar 
rays  and  the  glare  of  the  moon  ;  they  may  be  used  separately  or  toj:rther, 
as  occasion  requires.  In  addition  to  tliese,  there  are  three  shuilar  glasses 
placed  behind  the  horizon  glass,  to  be  used  in  finding  the  index,  error  by 
.means  of  tin  sun,  and  in  observing  the  sun^s  attitude  by  an  artificial  horizon 
on  land.  T\n'  ])aler  j^lass  is  sometimes  used  in  observing  altitudes  at  sea,  to 
tdko  oil'  the  strong  glare  of  the  horizon. 

A  sextant  is  generally  furnished  with  a  tube  without  glasses,  and  two  tel- 


'  *  TluTP  is  nnl  in  {ji'iiiT.il  any  npjrarniin.  for  ili'^  Icu  k  •\li-i  r>M'.»n  fix*- 1  in  n  sr\t.iii(,  Iml  if  ilu-  rtlilimSr. 
of  any  rcli-»li  il  nbjeci  br  en  .ncr  than  i  j1  ,  ilu-  '•ii|<j)|i'iiit  iii  of  ilio  .-iltiiiulf  mas  Ih>  olu.iircil  \<\  a  l»ack 
'  ol»ervnli<in  with  a  "sexmm  wHU  ••n**-  .nnl  acour-<ry,  ami  a-  iliis  mr  h  xi  in.iv  oltt-ii  nsetl  wiili  .\dvjn- 
tflwc  when  .t  torr  >.l>44  i \ati»n  rnnnot  Inswlnninc <!,  we  sli.iU  lu  ic  (Miinl  'ml  ilit-  iiicihtMi  «f  liiking  ihe  ol>- 
•erva(ion,an<l  shall  h^rcalter  sivcihe  ralctilHtiuiis  for  «l«  t«Tiniiiiiie  the  laliliKk  from  a  niniilian  obwv^i- 
tion,  uken  in  tliU  mMiwr/— I'lic  bac  k  of  ihc  ubfoner  hcius:  turitcd  tottaessn,  he  mu<>t  move  the  index 
till  the  image  of  (be  am  toucltca  the  t^ge  o(  the  bock  liorii,uii,  and  then  move  tbe  aextant  a  little  to  the 
iQglit  ami  left  (at  In  a  fbre  obamrailoo)  ami  the  tmafe  will  dc«eritie  as  areb  with  ibe  eeiavci  side  auwrnrd ; 
mtnre  tbe  irdfX  till  the  lower  Umh  of  tbe  iitMge,  when  in  the  a)^>r  part  of  the  aPCh,  jmU  twtnm  th» 
*lKNr1zon,  mill  th<*  ultHTvntion  will  be  romcietc ;  ohferrins:  tlinl,  if  Ine  teleM;<i>)e  be  mcd,  Ibe  Image  mu** 
be  hruiight  in  lito  mi.ldlr  h.  twecnthc  two  jurillrl  wire;  bui  if  Ihr  trlMsropi*  be  not  u»rd,  the  i0li^of 
tjie  »un  mus;  be  scrn  in  ilie  hciriton  pla-is  at  Ilu-  s-inie  ilist.inc"  from  llio  plane  of  the  instrument  •*  Ae 
fve  of  ilie  observer.  Tlie  nititude  thus  nlttniiif  d  n  ,|1  the  supplement  ol  iln-  nitil'ide  of  the  *an\  ttfftf 
i  mh.  The  ctfrrections  tobc  upi'lird  lo  ohiaiu  U^e  due  ueoffal  •UiiudCi  mUI  I^  givcD  hcfcftQ^ 
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«#eopeB,  the  one  representing  the  objects  erect  or  in  their  natural  situation, 
the  othpT  invfrling  them,  the  eye  glass  being  fixed  in  a  moveahU'  tube  in  or- 
d»'r  lo  adjut^t  the  teb'scope  to  a  j>roi>er  focns.  By  n;cans  of  thf^r  tolescopes 
riie  line  of  bight  ma^  be  rendered  parallel  to  the  plane  of  tlie  instrument,  and 
the  contact  of  the  hmbu  of  any  two  objects  more  arcinrately  otMenred.  The 
tube,  or  either  teleseope,  is  to  be  screwed  into  a  bcaBS  ting,  wbii-b  is  con- 
n»'<-trd  with  ;innth<  r  br.tss  rin|p,  by  mfan'^  of  two  screws,  and  by  loosening 
one  and  ti};hl«'ning  ih<-  other,  th*-  axi.^  ol'the  tube,  or  !<  lesropi*,  nriy  he  set 
parallel  to  the  plane  of  tiie  instrument.  One  of  these  rings  is  lixed  to  a  brass 
stem  that  slides  in  a  socket,  and  by  m^ns  of  the  screw  L  at  the  back  of  the 
sextant,  it  maybe  raised  or  lowered  80  as  to  move  the  axis  of  th*-  tili^scope 
to  point  to  that  jKirt  of  thr  horizon  p;lasH  jndtred  thr  most  fit  for  Mh>^r  i\  ition. 

A  circular  head,  containing  a  pir.te,  in  which  there  are  thri  c  colonrt'd 
glasses,  and  a  part  that  is  open,  sometimes  ad^^nspMies  the  sextant :  this 
head  is  to  be  screwed  oo  the  eye  end  of  the  tobe,  or  on  that  of  either  teles- 
cope. The  edge  of  the  plate  projects  a  little  beyond  the  head  on  one  vide, 
and  b  movea!)lo  by  the  fif)p*r.  so  that  th»*  open  ring  or  any  of  th»'  coloured 
ghuscs,  may  be  brought  between  tlie  eye  glass  of  the  If^lescope  and  the  eye; 
this  answers  the  purpose  of  the  dark  glasses  placed  at  E,  in  adjusting  by  the 
sun,  or  ohaerring  by  an  artificial  horizon  on  land. 

To  these  are  added  a  small  screw  driver,  to  adjust  the  screws,  and  l|  IMfj^ 
nifying  ginss  to  read  oil  the  observation  with  greater  ;u(  nr:iry. 

The  adjustments  a  sextajit  arc  similar  to  those  of  a  4uadrant ;  the  in- 
dex and  horixon  glasses  must  be  perpendicular  to  the  plane  of  the  instfu^ 
ment,  and  their  planes  paraUel  to  each  other  %vben  the  index  stiuids  on  0; 
also  the  ;i\is  of  the  telescope  must  be  ?et  parallel  to  the  jilarie  of  the  in-^tru- 
racnt:  each  of  the«e  particulars  nuist  he  examined  before  an  observafion  is^ 
taken,  and  the  adjusliiients,  if  retpusite,  made  according  to  the  following 
directions. 

1st.    To  S(t  thf  in  le.r  gUi83  perpendicular  to  tht  plane  of  the  instrument. 

Move  the  indev  f'lrw.'^rd  to  aliout  HOp,  and  proceed  exnctly  in  the  manner 
prescribed  for  the  adjustment  of  the  index  glass  of  a  quadrant,  page  91. 

'  td.   To  make  Me  horizon  giass  perptndkvUar  to  tht  jtUme  of  the  SexUmt, 

This  adjustment  is  made  exactly  in  the  same  manner,  as  that  of  the  quadw 
rant  described  iq  page  91,  except  that  instead  of  looking  thfough  the  sight 
vane,  you  m^y  use  the  tube  or  a  telescope. 

7^  make  the  horizon  glass  and  index  glass  jmtalUl  tthtn  the  ttidrx  is  on  0. 

Ilaxing  made  the  foregoing  a»ljiiHtments,  set  the  first  division  on  the  index 
to  0  on  the  limb,  fasten  the  index  in  this  position,  and  make  the  coincidence 
of  these  divisions  as  perfect  as  possible,  by  means  of  the  tangent  screwrthe 

eye  being  assisted  by  the  ma;;nifying  glas,;  screw  the  lube,  or  telescope, 
into  its  support,  and  turn  the  '^rrew  L  at  the  back  of  t}j«'  instniTneiit,  till  the 
line  which  separates  the  transparent  and  silvered  parts. of  the  horizon  glass 
appcanin  the  middle  of  the  tube  or  telescope;  having  done  tliis,  hold  the 
plane  of  the  sextant  vertically  and  direct  the  sight  through  the  tube  or  tel> 
rscopK"  to  the  hori/.on:  then  if  the  reflected  and  true  horizons  do  not  coin- 
cide, turn  the  tan;;ent  screw  at  the  back  of  the  hor!7.f»n  ^rlass  till  they 
are  made  to  appear  m  the  sanig  straight  line.  Then  will  the  iiurizon  glass 
be  adjusted. 

A  ft er  the  screw  that  retains  the  horizon  glass  in  its  place,  is  fastened,  it 
will  be  proper  to  re-examine  this  adjustment:  if  the  coiiKi<lerice  of  the  ho- 
rizons is  not  i^erfect,  t!ie  adjustment  nnist  he  repeated  till  it  is  so;  hut  as  it 
is  dillicult  to  obtiiin  a  perfect  coincidence  by  this  uu-ans,  the  horizons  may 
be  brought  to  coincide  by  turning  the  tangent  screw  of  the  index,  and  the 
differe  i<  •  l  -'twern  the  0  on  the  arch  and  the  0  on  the  vernier  will  be  tlu^  index 
v>m>r,  which  u  additive  to  all  observations,  if  the  0  of  the  index  stand  vn  thA 
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extra  arch,  otherwise  subtractive.  The  index  error  tn»y  also  be  Ibuad,  r%rj 
accurately,  by  measuring  the  diameter  of  the  sun  twice,  with  a  motion  o( 
the  index  in  contrary  diivctioiis;  that  h,  first  bring  the  upper  limb  seen  by 
n  n«'<  tlitn  to  coijicidc  w  ith  th<-  \owvr  limb  seen  directly,  tl>rn  brint:  thi;  b»i%er 
luul)  by  n  lkction  to  (  oinci<i<-  with  the  upper  seen  du-ectly.^  If  both  ihesse 
measures  arc  taJvtu  cillu;r  to  llic  right  or  left  of  0  on  the  limb,  half  their 
sum  will  be  the  Index  error;  additive  if  to  the  right  of  0;  subtractive^ 
if  to  the  left  ;  but  if  one  of  the  measures  be  taken  to  the  right,  and  the  other 
to  the  left  of  0,  half  their  dilTerence  AVill  be  the  index  error,  which  will  \u\ 
additive  when  the  diameter  measured  to  the  right  of  0  exceeds  that  mea- 
sured to  the  left,  otherwise  subtractive.  TIius  if  the  measures  were  99^  to 
the  lefN^  Qi^  the  arch,  and  £6'  to  the  right*  on  the  extra  arch,  half  the  dif- 
ference dr  «',{WjOiuld  be  the  correction,  subtractive.  In  some  sextants  the 
horizon  5;lass  cnnnot  be  adju'^fed  ;  ih*'  iiidfx  error  must  in  that  ra^e  lie  found, 
and  must  be  considi  red  as  a  cori-stunt  quantity  to  be  appUed  to  aii  an|^lt;s 
measured  with  the  same  instrument.  •"•'"'fj^ 

3b  jrf  l&e  ant  oftht  tdeaeopt  parallel  lo  lie  plane  oftU  Settant, 

In  mensuring  angular  distances,  the  line  of  Hight^  or  axb  of  the  telescope*, 
•should  Ix'  paralM  to  the  pl'm<'  of  the  insinuneiit,  as  a  deviation  in  that  re- 
^peet,  iii  ineasurinj;  large  an};les,  would  ocrat^ion  a  considerable  error:  t« 
avoid  which,  a  telescope  is  made  use  of,  in  which  are  placed  two  wires,  pa- 
rallel'to  each  other,  aiid  equidistant  fW)m  the  centre  of  the  telescope, 
means  of  which,  the  adjustment  may  be  made  In  the  folfowiiMC  manner^ — 
•Screw  on  the  teje«5eope  and  turn  the  tuhe  coTitnininfc  the  eye  pass,  till  the 
wires  are  parallel  to  the  plane  of  the  int^^trument;  then  take  two  objects,  jis 
the  sun  and  moon,  whose  angular  distance  must  not  be  less  than  1)0*^,  because 
tb«r«rror  is  more  easily  discovered  when  the  distance  is  great;  bring  them 
exactlv'  into  contact  at  the  w  ire  nearest  the  plane  of  the  sextant,  and  fix  the. 
index;  then,  by  altering  a  little  the  position  of  the  itistriiment.  make  th« 
image  appear  on  the  other  wire;  if  the  contact  still  n  jnains perfect,  the  axj< 
of  the  telescope  is  in  itii  right  aituation;  but,  if  the  limbs  of  the  two  objuct::^ 
appear  to  separate  or  lap  over,  at  the  wire  which  is  fiirthest  from  the  plan^ 
•f  the  sextant,  the  telescope  is  not  pi^allel,  and  it  must  rectified  by  turn- 
ing one  of  the  two  serew  s  of  the  ring  into  which  the  telescope  is  seren  ed 
'and  fixed,  having  previously  unturned  the  other  screw:  by  repeating  thin 
operation  a  few  times,  the  contact  will  he  precisely  the  same  at  both  wir^s, 
and  the  axis  of  the  telescope  will  be  parallel  to  the  plane  of  the  instrti- 
incnt.f 

In  order  to  estimate  tlie  error  committed  in  not  ob.ser\'ing  the  contact  of 
the  ohjects  in  the  middle  between  the  two  parallel  wire.^  of  the  telescope,  it  is 
necessary  to  know  the  angidar  di.stauce  of  these  w  ires  ;  this  may  be  found  as 
follows:  Turn  round  the  eye  piece  of  the  tdescope,  tiH  the  wires  are  perpen- 
dicular to  the  plane  <*f  the  instrument :  liold  the  instrument  in  a  vertical  posi* 
lion,  and  move  tlie  index  till  the  direct  and  reflected  images  of  the  horizon  ap- 
pear in  the  same  line,  whit  ii  w  ill  happen  when  the  index  is  atO  if  the  insfru- 
luent  be  well  adjusted;  then  move  the  index  till  the  retlccted  image  of  the 
horizon  be  at  one  wire  and  the  directed  Image  at  the  other;  the  angle  moved 
through  by  the  IndeXf  as  shown  by  the  divisbns  of  the  alvh,  irill  be  the  an* 


*  In  reading  oO*  the  meuure  on  the  citm  ftrch,  jroa  mtatraektm  tW  mimiiM  on  Out  ««nder  ft«m 
Irft  to  rielM,  counting  19"  m  l',  lif  •»  2',  Itc.  or  dM  lake  Ui AnServncr  bciWMn  Ite  iStmilei  dewMeii  l^y 
the  moler  and  SO*.  Tbu«  Ifttie  angle  on  the  esin  arch  appoarcd  by  the  ooatai  lo  tie  If  tkoival  mngi^i 

ivoald  lie  only  t>'. 

t  This  adjustnif'nt  may  be  made  In  a  manner  (imitar  to  Uiul  by  which  the  gnidtiatlou  en  the  fr.4n>e 
of  the  ic'.cscKjM?  of  a  circular  instrument  U  vr-rifieil  liv  usxi'j  ihe  mtjurtlug  tool*  of  a  vircltr  or  a  ri.,ir 
vvhose  surfncfs  art-  pt-rfcctly  parallel  toearh  other.    Thus,  Uy  the  sextant  hori7.«n(|l!y  on  n  IhMc. 

5 lace  the  rukr  on  ihi-  limb  or  plain-  of  the  instrument,  ajid,  at  about  or  16  ti  t  t  ui>taim',  li  i  .i  w  ^  ^\ 
vfineil  murk  he  plucrd  m  n  lan^c  with  tht-  telescope,  »o  as  lo  be  in  titv  Mine  stiiiioht  line  wiili  the  |oj» 
tti  the  i-uler,  thru  ntiv*  or  lower  the  iclcscoiK*  li\  means  of  the  kerew  L,  till  the  centre  of  the  eyr  |ii«*c« 
ot  the  telescope  tw  ut  the  Mine  height  ax  the  lop  of  Uw  mlcr.  then  if  ibc  mark  be  Mm  la  die  wikUll* 
betvreen  the  wires  of  the  telescope,  it  i«  well  RfUmtcAl  If  aoL  K  mm  te  SlliCVd  hv  ismm  of  the  icrew« 
••1  the  ring  Into  whicli  the  fataKepo  is  srmretL 
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gidar  distance  of  the  two  wires.   This  angular  distance  lieing  obtained,  the 

oh^crvor  may,  hy  means  of  it,  estimate,  at  i-nch  ohsi-rvatifHi,  h«»n  much  tii^. 
plac»Mvhf'r<'  thf*  contact  Avas  observed,  Avan  cU'vateil  alxivc,  or  d»:prt'ij!icd  b»'-. 
iow,  the  plane  passing  tluougli  tlie  eye  and  llie  middlo  line  between  tlie  tvim 
parallel  wires;  the  correction  in  fTable  XXXY.  corresponding  to  this  angle, 
is  to  be  subtracted  from  the  observed  angular  distance  of  the  (ihitcts :  tinis 
if  the  distance  hetwertJ  tlie  wires  wa-^  ii^,  one  of  th<"m  would  be  eliivated 
above  the  plane  rio',  ami  the  other  d»'{>res8ed  as  much  below  it ;  and  if  iu 
taking  an  observation,  the  point  of  eoiilact  was  estimated  to  be  one-third 
|iart  of  the  ^s^uice  from  the  middle  towards  either  wire,  the  angle  of  dera- 
tion or  depresrion  would  be  one-third  part  of  no'  or  so';  and  if  the  ob- 
served distance  was  100*^,  the  correction  in  Table  XXXV.  would  be  ly 
8ubtracti\  <'  IVdm  tiie  observed  angle,  which  w  ould  therefore  be  100'^ — 19''= 
99O  ^^9*41      In  (Toneral  it  will  not  be  necessary  to  attend  to  this  corrcctio«)» 

To  measure  the  distance  Uiu/etn  ihe        and  Moon. 

Sorrow  on  the  telescope,  and  place  the  wires  paralh'l  to  the  pbne  of  the. 
instrument;  then  if  the  index  glass  is  half  silvered  and  half  blacked,  and  th« 
fiun  very  bright,  raise  the  plate  before  the  silvered  part  of  the  glass,  and  witli 
the  screw  L  raise  the  telescope  to  the  transparent  part  of  the  horizon  glasn ; 
turn  down  one  or  more  of  the  dark  j!;lasse8  accordinj;  to  the  bri};htness  of  th« 
suti ;  then  hold  the  sextant  so  that  itn  plane  may  \r,\ss  throu;ch  llie  s.un  aruJ 
moon ;  if  the  sun  he  to  the  right  han<l  of  tlie  moon,  the  bcxtant  is  to  be  hcid 
with  its  face  upwards ;  if  to  the  left  hand,  the  fitce  is  to  be  held  downwards: 
with  the  instrument  in  this  position,  look  d: recti j  at  the  mnun  throup:h  the 
telescope,  and  move  the  index  forward  til!  the  sum's  'wnniu-  hru.i^lit  h«  arl  v 
into  contact  with  the  moon's  nenrrst  linili ;  tln'u  t\x  tin-  index  by  tlie  screw 
imder  the  sextant,  and  make  the  contact  perfect  by  means  of  the  tangent 
screw;  at  the  same  time  move  the  sextant  slowly,  making  the  axis  of  the 
telescope  the  centre  of  motion,  by  which  means  the  objects  will  pass  each 
other,  and  the  contact  he  more  accurately  made,  Jihi^erviti};  that  the  point 
of  contact  of  the  limbs  must  always  he  observed  iu  the  middle  between  lU«i 
parallel  wires.  The  observation  bciuz  thus  made,  th«;  index,  will  point  out 
the  distance  of  the  nearest  limbs  of  the  sun  an4  m^Qn, 

Tom^aswra  the  dhtanrt  hrtwun  the  Moon  and  a  Star. 

Tiirn  down  the  ^reen  scn'cn  if  the  moon  is  bright,  and  direct  the  j»l.ine  d 
'  the  instrument  tlirough  both  objects,  with  its  face  upwards,  if  tjie  moon  is 
to  the  right  of  the  star;  but  if  to  the  left,  the  fyct  is  to  be  held  downwards ; 
look  at  the  star  through  the  telocope  and  transparent  part  of  the  horizon 
glass,  and  move  the  in4cx  till  tlie  moon's  ioiasre  appears  nearly  in  cotitr.ct 
with  the  star:  fasten  the  index,  move  the  spxtapt  round  the  axis  of  the  tel- 
escope as  in  measuring  the  distance  of  the  sun  and  moon,  and  turn  the  tan- 
gent screw,  till  the  coincidence  of  the  star  and  the  enlightened  or  round  limb 
of  the  moon  is  perfect ;  observing  that  the  point  of  contact  of  the  limb  of  the 
moon  and  star  must  always  be  in  the  middle  ln-tween  the  jiarallel  v. irc^. 
The  observa^on  being  thus  made,  the  index  will  point  <»ut  Uie  distance  of 
the  enlightened  Umb  of  the  moon  from  the  star,  whether  It  be  tlie  fartlicst 
or  nearest  limb. 

If  the  observer  suspect  that  the  mirrors,  or  Cfdoured  glasses,  have  OOttheic 
surfaces  exactly  parallel,  he  may  verify  them  as  follows  :— 

Ftii/icatitm  •/  fftc  poKOllefum  a/  the  Inder  gkm. 

This  verification  is  to  he  made  ashore,  by  observing  the  angular  distanrc 
of  tivo  well  defined  object^,  whose  distance  exceeds  !H»'^  <»r  lOfP  (h  niii;:  pre 
viously  well  adjusted  the  instrument)  then  tak!ii<i  «>ul  (he  ceulra!  nurror  and 
ti^rning  it,  so  tiiat  the  edge  which  was  formerly  up^iermost  niay  now  lyfi 
mmrptit  the  plane  of  the  iiistniment ;  rectilV  its  position  and  sffaSn  measure 
the  distame  of  thetwo  objects;  half  the  dilTereoce  between  these  two  dis- 
tance will  be  the  error  of  the  obsenred  angle  anHing  from  the  defect  of  pa« 

P  * 
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ral!<*lism  of  tin-  rcnfral  juirror.  If  the  first  distanro  exrerds  the  second,  the 
error  is  suhlractivr,  othrrwist^  additive,  iht  niirmr  hcinir  in  its  first  position ; 
but  the  contrary  when  in  its  second  j)0^ition.  Thus,  if  the  first  distance  was 
II90  $0^  21"  and  the  second  ISO^  0'  S9'\  the  error  would  be  additive 
when  the  mirror  was  in  its  first  position*  subtractive  for  the  second.  'i''he 
error  for  any  other  anjrie  may  he  foiuid  hy  menjis  of  ro|.  2d.  Tahle  XXXIV. 
%vhe  1  tlie  inrliiiation  of  the  plane  of  th»'  horizon  ^lass  to  the  axis  of  the 
telescope  is  80^,  by  saying,  as  the  tiibular  correction  corresponding  to 
120^  (ss4'  5")  is  to  the  error  of  tlie  glass  S9",  so  is  the  tabular  error  for  r.oy 
other  angle  as  85^  (=1'  to  the  corn  spondinp;  error  of  the^lass  l^.  In. 
tbi«  mannrra  table  of  errors  may  he  inade  fi  r  all  angles.* 

The  a'ii;!e  hetwefn  the  plane  of  th«^  horizon  t;lass  and  axis  of  the  teles^cope 
produced,  being  constant  in  all  observations  .'uid  adjustments  of  the  scxtaut, 
no  error  can  arise  from  the  want  of  parallelism  of  its  surfSeices* 

Ver\fiatthn  of  the  paraJhlhm  of  the  surfaces  uf  the  coloured  glasses. 

Turn  down  the  glass  at  D,  Avhioh  is  to  he  examined,  and  .motlv  r  it  E,  to 
defend  the  eye  fn)ni  the  ^^uii  :  dirt  ct  the  teh  scope  to  th<>  ■inn  and  movf  the 
index  till  its  direct  and  refiecl4.-d  images  coincide  ;  then  turn  the  dark  gia^s 
at  Dt  so  that  the  surface  which  was  far^est  from  the  horison  glass  may  now 
be  nearest  t<»  it,  and  if  the  contact  of  the  s-mie  two  limbs  be  complete,  the 
surfaces  of  this  glass  are  pamllcl.  hut  if  they  lap  over,  or  sfparatr,  the  index 
niUHt  he  movrd  to  hrinij  them  auaiii  in  contact,  I'n  ti  lialfthe  arch  passed 
over  hy  the  index  will  he  tiie  error,  arising  from  tlic  want  of  paraJleUsin  of 
the  glass  at  D» 


DESCKIPTION  AND  USES 

OF  TUE 

CIRCLE  OF  liliFLECTION. 

THE  Circle  of  Reflection  was  invcnt^'d  hy  ihi-  celehrated  professor  Matkr 
tif  Groningen,  and  luis  since  been  greatly  impnived  hy  the  Cukvalikk  de 
BoRDA,  Ml.  Trouohtov,  and  Ma.  Mendoza  t  Rios.  In  its  pr»«JM^t«t  im- 
proved state  it  has  a  decided  superiority  over  the  sextant  in  measiuing  the 
distance  of  the  moon  from  the  9\w,  or  a  star,  on  areount  of  it<<  e'lrn-cting,  in 
a  great  measure,  tiie  errors  arising  from  a  faulty  division  of  lh«-  liii'J).  want 
of  parallelism  in  the  surfaces  of  the  'mirrors  and  coloured  glasses,  and  en- 
tirely avoiding  the  error  which  might  arise  in  a  sextant  from  the  mirrors  not 
being  parallel  when  the  index  is  on  0. 

Fig.  I-  Plate  VIII.  represents  the  Cireh-  of  Rrfleetion,  as  givfn  hy  t>k 
RoROA  ;  in  fi^.  i  is  a  section  of  the  same  inslnnm  i.t,  marked  wilh  ilu-  H;-ini«- 
letters  of  reference  as  in  fig.  1.  The  princmai  parts  of  Uiis  instrui;:ent  are.  the 
circular  limb  LMV ;  the  central  index  EF ;  the  horizon  index  MD ;  the  cen-. 
tnlf^assor  mirror  A;  the  horizon  glass  or  mirror  6;  the  telescope  OH  ; 
the  coloured  ,;las«(>s  fig.  3,  4;  the  handle  fig.  ^;  the  ventelle  fig.  6 ;  and  titm 
adjusting  tool  fij;.  7. 

The  limb  of  the  instrument  LMV,  is  a  complete  circle  of  metal,  and  iseon- 
aected  with  a  perforated  central  plate  by  sbc  radii ;  it  is  divided  into  720^  l»e* 
cause  of  the  double  reflection;  each  degree  is  generally  divided  into  turee 
ecpial  p  irt'^,  and  the  fli  vision  is  carried  to  minutes,  or  lower,  by  means  of  tJie 
verniers  of  thf  two  indices. 

The  two  indices  are  moveable  round  the  same  axis,  which  passes  exactly 
through  the  centre  of  the  instrument;  the  central  index  EF  carries  the  ceti« 

*  The  aiwhod  of  cakaUiiug  iheaboiw  labaUr  mmlirrt  when  the  aoKlc  of  ineUiuitioo  oif  ibe  leleacooB 
a^horimglMdlAii  ftm     to  g|«fe  l»  dw  niiluMlon  «r  TUtal^^ 
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tral  mirror  A;  and  tin-  linriznn  ii.drx  MD  rarnrn  llie  ti  li'scopp  GH  and  tlu* 
hori/on  mirror  B ;  butb  indices  are  furnished  with  verniers  and  tangent 
scrt'ws  at  O  aiid  N. 

The  eeniral  inirmr  A  is  placed  on  the.  central  index  immediately  above  the 
centre  of  the  instnirTii'nt :  tlo-  j»lan»'  of  this  mirror  makes  an  angle  of  about 
80^  with  the  tniild!.'  liiif  of  thi;  intlox,  and  is  ailJu  TtMl  p»'rp«nidirnlar  to  th<* 
plane  of  the  iii.strnuit  'i!,  bj  means  of  the  screws  placed  on  the  back  part  of 
the  frame  of  the  niirror. 

The  horizon  elau  B  is  placed  on  the  horison  index  near  the  lunb,  so  as 
to  interfere  as  uttle  as  poi«»ihlH  with  the  rays  proceeding  from  objects  situat- 
«»d  on  thf*  opj>ositc  side  of  that  iinh-x  witli  n'spret  to  the  rt-ntral  mirror. 
The  hori/on  ;!;la3s  is  adjusl»Ml  p('r|u'ii(lieiiKjr  to  liie  phme  of  the  instroMifMit 
in  a  similar  manner  to  that  of  the  horizon  glass  uf  a  sexUiiit :  and  iu  hoiiic  cir- 
cles this  mirror  is  moveable  about  an  axiM  perpendicular  to  the  plane  of  the 
instrument  by  which  means  the  sttuation  with  respect  to  the  telescope  may 

be  adjusted. 

The  klrs-opt  GH,  attached  t»)  tiie  othrr  i  rnl  of  the  horizon  intlcx,  is  an 
astronomical  one  inverting  the  observed  objects,  and  lias  two  parallel  wire.n 
in  the  common  focus  of  the  glasses,  distant  from  each  other  between  two 
and  three  degrre^.  These  wires,  at  the  time  of  tdtsrrvation,  mu»t  be  placed  .<y.» 
parallel  to  tlie  plane  of  tlic  instrument :  Ti*  ••f!Vrt  tliis,  marks  are  made  on 
the  eye-piece,  and  on  th»-  tuh»'  at  G,  and  by  niaking  thera  coineuh-.  the  wi«»^ 
may  be  brought  to  their  proper  portion.  The  telescope  may  be  raised  or 
depressed  by  two  screws  I,  K,  so  as  to  be  directed  to  any  part  of  thehpri- 
zon  gla^s:  and,  hy  mi'MU's  of  the  grridualions  on  the  swo  standanls  fJI^Nf^iSiB 
telescope  inrty  he  nMuh  retl  p.trnllcl  t'»  the  plane  of  the  i:istrum»'nt. 

There^re  two  sets  lA' coloured  glasses  (fig.  d,  1)  each  set  u:?uahy  rontaining 
four  glasses  of  different  shades;  the  glasses  of  the  brger  set  (fig.  4)  which 
are  placed  before  the  central  mirror  at  0,  O,  shouM  have  each  about  half  the 
d«?gree  of  shad»'  with  whirli  th»-  c')rr*"«"ponding  glasses  (rig.  3)  of  the  other 
set,  placed  at  C,  are  tin;;fd.  In  i  aiix-  the  rays  from  tfie  luminous  ohjrrt  pass 
twice  through  tlie  coloured  gla;4s  placed  before  the  central  mirror,  and  only 
•nee  tbrougfi  the  other.  Tte  glasses  placed  htOt  tare  kept  tight  in  their 
iMaces  by  small  pressing  screws  at  their  ends,  or  by  slides  passbig  in  front, 
through  perforations  in  th«' stems  of  fh'Mr  frames:  when  fixf-d  fur  ol)scrva-- 
tion  the^'  make  an  angle  of  .ih.mt  V.j^  wilii  the  plane  of  the  in.slrument,  hy 
which  means  the  image  from  the  coloured  glass  is  not  reflected  to  the  tele- 
scope. When  the  angle  to  be  measured  is  between  5^  and  850,  one  of  the 
largest  K(>t  is  in  he  fixed  at  a,  a;  in  otlier  cases,  one  of  the  smaller  set  is  to  be 
plact'd  in  the  socket  (I.  Th»*  reason  of  using  the  lar;;e  glass  is  this — when 
the  small  glass  is  placed  at  C,  it  intercepts  the  direct  light  of  the  luminous 
object  in  its  passage  towards  the  central  mirror,  if  the  object  happens  to  be 
situated  within  the  angular  space,  incduded  by  the  lines  from  tht*  c<;ntre  A, 
by  the  sides  of  the  frame  of  the  glass  placed  at  C*  This  is  avoided  by  usini; 

the  larger  pi  uses. 

The  handle  (fig.  «>)  is  of  wo<ul,  and  is  fixed  to  the  back  of  the  instrument  im- 
mediately mider  the  centre.   By  this  it  is  held  during  the  time  of  observation. 
The  venUUe  (fig.  6.)  is  used  in  terrestrial  observations  to  diminish  the  light 

^fthe  object  sjMMi  directly,  to  render  it  equal  in  hrl;jhtness  to  that  of  the  ohjrcts 
Seen  hy  relleetion :  this  is  perfi)r'n«'<l  hy  putting  the  ventelle  in  the  socket D» 
and  raising  ur  depressiug  it  till  iIk:  objects  appear  of  equal  brightness. 

There  are  twQ  adijmmg  iwth  of  the  form  represented  in  fig.  7 ;  they  are 
exactly  of  the  same  size,  and  th<  ir  height  is  nearly  eipial  tu  that  of  the  cen- 
tral r-iirror;  they  may  he  ust-d  in  adjnsfin;;  the  central  mirror  perpcndietilar 
to  iln-  plan.-  (d"  flif  instrument,  and  iu  making  the  axis  of  the  telescope  pa- 
rallel to  tliat  plant;. 

The  instrument,  as  we  have  now  described  it,  is  the  same  as  it  waa  left  by 
De  Borda  ;  Mr.  Troughton  has  since  suggested  the  improvement  of  fixing 
to  the  hori/on  indi-v  the  arch  WSPK,  an<l  providing!:  it  ^vith  two  sliding 
pieces  U|  X.,  hi  order  to  facilitate  the  fixing  the  indices  at  their  proper 
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tfngtesHiritli  eacli  other  in  taking  successive  obse;-vations.  Wiien  ilie  renttriU 
niid  horizon  f^lMses  are  pamlleT,  the  central  index  corns  the  space  SP  af 

the  arch,  and  thf  spaces  SW,  PR,  are  each  divided  into  deRreCH  from  S  to 
W,  and  from  to  U.  and  numh«'rrd  0  at  S  and  P,  and  continued  to  130- 
tdwards  W  md  K>  The  use  of  this  arch  and  sUding  pieces  w  ill  be  explained 
hereafter.* 

That  ingenious  matheniatician  and  nari^tor,  M.  Mendoaa  j  Rios,  has 

fiirtlier  improved  the  circular  instrument  by  the  substitution  of  a  circular 
rin^  (moving  round  the  centre  of  the  instrument  over  or  adjacent  to  the 
limb  TMV)  for  a  vernier  instead  of  those  attached  to  tiie  indices  by  l>e 
Bofda:  and  by  fixing  tMs  chtniUir  Temier  alternately  to  each  of  the  indices 
it  serves  as  a  Ternier  for  both,  and  after  any  number  of  obser\'ations,  gives 
**  the  comjionnd  motion  of  both  indices,  and  thus  doulde  the  number  of  dis- 
tances arc  obtained  by  thi.'^  instrument  that  can  be  obtained  by  De  Bordn  s 
circle  with  the  same  number  of  observation^.  Mr.  Rios  has  also  improved 
the  form  of  the  handle  for  holding  the  instrument.  In  theory  the  instru- 
ment, as  improved  by  Mr.  Rios,  appears  to  be  supenor  to  that  of  De  Botda, 
but  not  ii  ivin'^c  u^cd  (i.ic  ofthj'  former  kind,  I  cannot,  from  my  own  experi- 
rncp,  decide  \Nht'tlier  it  is  so  much  superior  in  practice;  but  Mr.  Kios  says 
that  he  found  it  answered  his  expectations.  As  the  method  of  taking  the 
«bBervation  is  nearly  the  same  wi^  both  mstruments,  I  dudl  conAne  myself 
to  the  explanation  of  tiie  uses  of  ])e  Borda's,  bom  which  the  method  ef 
«sing  the  other  will  he  easily  discovered. 

A4ju$tmieni$  of  ihe  Cinlc  of  JUJUeiion. 

.  Before  entering  upon  an  explanation  of  the  adjustments  of  this  instrunjen(. 
It  will  be  proper  to  premise  that  there  are  three  different  methods  of  ob^ 

Vprvinj:;  the  angular  aistance  of  two  objects  with  thh  instrument.  \\z.  (1)  by 
whrit  is  called  an  obsoi  vntion  to  (be  right,  (2)  by  an  observation  to  the  left* 
and  (d)  by  a  cross  observation. 

Ah  nhBenaUm  to  eAe  rii^w  that,  where  the  object,  Wbote  Imase  b  to  he 
reieeted  and  the  central  mirror  hre  on  the  same  side  of  the  telooope.  An 
oh.nrrmtion  fn  tke  lefty  wh«'n  the  obj^ict  to  be  reflected  and  the  central  mirror 
arc  on  opposite  sides  of  the  teU-scope,  which  in  botli  cases  is  supposed  to  be 
directed  to  tlie  other  object;  and  a  cross  obsermtion  is  a  combination  of  the 
|br»>meotioned  observations^  the  first  being  generally  taken  to  the  fefl,  and 
Ihe  second  to  tlie  right. 

The  adjustments  of  a  circK  consist  in  [Hacin^  tlie  mirrors  perpendicular 
to  the  plane  of  the  instrument,  an<I  in  nuikii)^  the  axis  of  the  telescope  pa- 
rallel to  that  plane.  These  are  all  the  adjustments  necessary  in  measuring 
an  angular  distance  by  cross  observations ;  but  if  one  observation  <nily  be 
taken  to  the  right,  or  to  the  left,  it  ^-Hl  be  necessary  to  find  the  divisimi,  on 
which  the  horizon  index  nuist  !»♦'  placed,  to  make  the  horizon  glass  parallel 
to  the  central  j^Iass,  wlien  tin-  central  index  stands  on  0.  These  adjust- 
ments are  similar  to  those  of  a  scxlaut,  but  a  particular  explanation  of  each 
will  here  be  given. 

To  si  t  the  central  e;hiss  perpmdicular  to  the  plant  of  the  instrument. 

This  adjustment  may  be  made  by  placing  the  eye  in  front  Of  the  central 
glass  at  L,  a  little  above  the  plane  of  the  instrument,  and  observing  if  the 
iVillected  image  of  that  part  of  tiie  limb  nearest  the  eye  appears  t6  make  one 
continued  chxular  line  with  the  parts  of  the  limb  towards  T,  seen  to  -the 


•  Mr.  Trouphton  jucgrsted  nimllicr  aitpmUon  lnlb«clrck,  but  (a*  Mr.  Kio<  justly  obt«nres)^UH:  lowru- 
■Mot  thus  altered  01*17  oe  coiisitlered  «  a  sexiant,  tl>e  limh  < -f  uiiiclj  U  completed  to  tin*  whale  cir- 
caiHfeieiiee.  A  circle  of  tliii  detcriptlon  i'^  oiunllv  furnubetl  u  idi  three  Indicet  ami  venilen,  br  earh 
«f  wbich  every  observation  mint  be  read  off*.  TbU  is  vrrjr  troubif  Mine,  particularlv  iu  tbe  night.  It 
i<  true  dMiMt  method  correctt  In  a  very  great  degree  tbe  error  of  not  lumng  tbe  index  fixed  exactly 
iliecenAfB,  «r  thai  of  not  havinir  an  instrumeat  pmectljr  cireaburt  b«t  cmm  of  Uiie  klad  in  Oorda'b 
«>ircle  mgr  b*  rertaeed  in  any  ratio  by  uking  m  vamber  of  olwcnmttoa%  tad  tbt  emr  will  in  f^enenl  be 
/ktnmify  man  la  UMuk  n  MilCcteot  narober  t(i  bri^c  the  iftdcs  nearly  to  du*  MAfltm  «at  Ibnn ;  10  tint 
In  llMMe  ua^naal  points  I  should,  on  tbe  whole,  j>rercr  an  inatruineotof  Boran'l  eotHtnictioa. 
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rl^hx  and  left  of  the  central  glass;  for  in  this  case  the  glass  is  perpendicular 
to  the  plane  of  the  iDitniinent ;  otherwise  it  must  be  adjusted  by  means  of 
the  eciewi  till  the  two  images  coincide.* 

By  examininjr  this  adjiiatnient  in  dlflTerent  parts  of  the  limh.  it  will  hn 
known  if  tlie  limb  !>»•  in  the  same  plane.  If  any  dilTerence  iihould  he  found, 
the  central  glass  must  be  so  fixed  that  the  reflected  image  of  the  limb  may 
appear  as  mueh  above  the  direct  image  in  some  places  as  below  it  b  others. 

To  Sft  the  horizon  sfAw.?  jn  rjx  ndirtilnr  to  the  pUim  nf  tht  instrumnit. 

The  central  plass  boiiiK  previously  adju^^U  d,  and  the  telescope  directed  to 
Yhe  line  svP'^''<^^"g  silvered  from  tlie  transparent  part  of  the  horizon  glass, 
hold  the  instrument  nearly  vertical,  and  more  either  index  till  the  direct  and 
reflected  image  of  the  horizon,  fteen  through  the  telescopi',  coincide ;  then 
incline  th«*  instrument  till  it  is  nearly  horizontal,  arid  if  the  images  do  not 
separate,  the  horizon  iilass  is  perpendicular  to  the  plane  J»f  the  instrument ; 
but  if  they  do  separate,  the  position  of  the  glass  must  be  rectified  by  means 
of  the  screws  in  its  pedestal. 

This  adjustment  may  be  also  m:ule  hy  directing  the  sight  through  the 
telescope  to  any  well  defined  ohjerf ;  then,  if  hy  movinp;  the  central  index,  the 
reflected  image  pasties  exactly  over  the  object  seen  diiectly,  the  glass  isper- 
pendieular,  otherwise  Its  position  mtist  be  adjusted  by  means  of  the  setem 
attached  to  the  pedestal  of  the  glass. 

A  planet,  or  star  of  the  first  rnaj^nitude,  will  be  a  ;cood  o!)jert  for  flti-^  \)\\r-  • 
pose.    If  the  sun  is  used,  one  of  Lbc  coloured  glasses  must  be  placed  at  C 
and  another  at  D. 

To  make  the  axis  of  the  teltteope  paraUd  to  tht  plane  of  the  initnmunt. 

The  telescope  may  be  raised  or  depressed  by  means  of  two  screws  at^ 
tach^'d  to  the  standardn  i,  (fij?.  2)  and  passing  throi){:li  two  piece**  of  brasi 
connected  with  the  tube  of  the  telescope.  On  each  of  these  pieces  is  a  mark 
'or  index  hy  wUch  the  telescope  b  to  be  a^iusted,  for,  by  bringing  the  iii- 
diees  to  the  same  mark  on  each  standard,  the  telescope  wil)  bepandlet  to  tll» 
^laae  of  the  iBstrttment.t 

To  /nd  Aai  dmnon  to  tdkteJk  tts  honam  vufer  mmt  5e  placed  to  fmier  (X& 
mirron  parallel  when  Ike  ientral  index  if  on  0. 

Place  the  central  index  on  0 ;  direct  the  telescope  to  the  horizon  g^lass,  fio- 
that  the  line  joining  the  silvered  and  trnnsnarent  parta  of  that  |:1as8  may  ap- 
pear in  the  middle  of  the  telescope  ;  hold  the  iiistnmient  vertically,  and  mo%'^ 
the  horizon  in<!ex.  till  the  direct  ;uul  reflected  horizons  agree,  and  the  (Uvtsion 
shown  by  the  horizon  index  will  be  that  re(}uired. 

This  adjustment  may  also  be  made  by  measuring  the  diameter  of  fhe  lUB 
hi  contrary  directions;  thus,  the  central  mdex  bnng  fixed  on  0,  ptacea  daric 
glass  at  r  and  another  at  D;  direct  the  teleseopr  (throu;:}j  tlie  transparent 
part  of  the  horizon  plass)  to  the  sun,  and  move  the  horizon  index,  till  liis  re- 
flected image  appear  in  the  telescope ;  bring  tlie  upper  edge  of  the  direct 
ima|;e  to  coinci^  with  the  lower  of  the  other,  and  note  the  angle  shown  by 
the  mdex ;  then,  by  movrng  the  hortson  index,  bring  the  lower  edge  of  the 


*  Wben  tbc  iiutruroent  b  furnlibeil  «ri<b  adjuviing  txils,  tiii»  nrlinstineni  mrv  hr  ninclr  in  ill''  Totlow. 
ing  munitrr.  i^el  IhetvntlOOllon  0|ipniit«.<  paru  uf  liie  limb  m  T  it'iul  L;  placf  llu*  i>yi*  ai  >,  ftl  ncnrly 
tiM  mn»  bcif  hi  u  thr  onprr  eder  o(  the  IumIs,  mi  ilMt  part  of  tbe  toul  m  T  mny  li«>  l>iii  bj  the  centnii 
flMi;  novc  tbe  c*oiiml  indeE  ilfl  llM  rcflericd  iiiMig«  of  tb*  Imil  nmrMt  ibe  rye  •ppf«n  in  ibc  cniml 

at  tb«  elite  of  ifapotbcr  loot  Mtodirrctlyt  then  If  tlie  a)>pn'«ilfraofib«  tool*  are  iipparMUv  In  Ibe 
mnt  fltralKlN  Kae,  tbe  eevmri  gtaM  It  ptrprodicaler  to  the  plaitv  .>r  the  lastromrMi,  iiiber*Ue  lU 
tkra  mtiu  bi*  wyusted  by  ihe  mtcws  m  iIk  htck  of  (lie  imin)*. 

♦  If  Tuu  »u*}5rct  lliat  ibe  marks  on  ibe  sumiarii*  «ro  inarntmie,  yi n  mny  cxumltw  tbrm  tn  tbc  (oBow- 
iin;  mani»«T.  Lny  tbircirclf"  burUnnlally  iin  n  Inbl**;  \>\ac^  itn-  umi  niijiiMiiit;  1>*>M  on  oppo»hp  pnrU  of 
Dif  liinl>  iit  r  niul  L;  mwl  al  nl>«»ui  12  «r'l5  fpft  lii^tai  c<'  !el  n  v*»  ll  tb  Ji.n  il  k  l>r  |)I«cim1,  mi  p«  to  be  in 
llie  Viint;  *tra':^'iil  lincwiih  luc  i  -  -  t  tli<-  kk)*;  ih<-ii  ini^*.  nr  l<i\*»T  ili<-  irli-irnpi'  lill  mnrk  i«  b|»- 
Ji4rt;ntly  li)  iJi*-  iui«l<il«  li.  lUffii  tin  iw  i  win*:  ll)»*ti  t.ip  hiU  of  tin-  lelf^roj-o  will  (.iit.sllfi  lo 
Vlucif  01  ihf  in<(runu-ii(,  nml  Uie  tlifl«T»'ncc  (il  any)  brtwmi  the  iliv!«ion«  jioit.totl  out  l^y  iii,.  n      ,  » 

gndiMiioa  of  the  MUKlarde  <r,  (flf.  i)  wiU  be  tii«  error  ui  ttie  indicr*.  bv  Vau«iitf  nrhirh,  u  «i(V 
w  mp^  !■  fiitiNv  oiUimncBii  re  Mike  allnwiiiM  e  fur  iVe  emr. 
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direct  iina;;c  to  coincide  wild  the  upper  edge  of  the  reflected  one,  and  note 
also  the  angle  pointed  out  by  the  index ;  hatf  the'sam  of  these  two  aogiea 
will  be  the  ftoint  of  the  limb  where  the  horizon  indox  must  he  placed  to  ren- 
der the  mirr  >rs  parallel.  Thus,  if  the  index  in  the  first  observation  stood  on 
473^  iVy,  and  in  the  second  on  [71^  31',  the  half  sum  of  the  two  %7  \^  i' 
would  be  the  point  where  the  horizon  index  must  be  placed  to  make  the 
aUrrors  parallel. 

Tkm  are  all  the  adjustment  nteasaty  to  U  madt^  freoanOonf  to  aieanir- 
ing  any  anffvUar  dittnnce.  When  the  ansjie  is  measured  by  cross  observa- 
tions, the  error  arising  from  the  \vai)t  of  parallelism  of  the  surfaces  of  the 
mirrors,  and  screens,  will  in  giMU'ral  be  very  small;  however,  tlie  method  of 
'▼erifying  those  glasses  and  maldng  allowaaee  for  any  error  in  them  will  be 
i;tven  hereafter. 

To  observe  the  mtridittn  altitude  of  any  celestial  object^  tither  by  un  oiiermitmi 

Io  the  Tight  orlo  tAe  left. 

The  method  of  observing  the  meridian  altitude  of  an  o^i^^  ^  circle 
is  exactly  sunilar  to  that  with  a  quadrant  or  sextant.  The  central  index 
must  be  fixed  on  0,  and  the  horiz.m  index  on  the  point  which  rendj'rs  the 
two  mirrors  parallel;  then  the  altitude  may  be  taken  either  by  an  obsorva- 
tiou  to  the  right  or  to  the  left ;  but  the  former  method,  in  which  tiie  large 
^coloured  glasses  are  not  necessary,  is  in  general  to  be  preferred;  because 
those  large  f^lasses  are  more  liable  to  cause  an  error  in  the  observation  than 

the  siiKill  ones. 

If  an  observation  to  thr  riirht  is  to  be  taken,  a  small  dark  ^lass  must  be 
placed  at  G,  if  the  object  be  bright,  tlien  hold  the  instrument  in  the  right 
nand  io  a  vertical  position ;  move  the  central  index,  according  to  the  order 
of  the  divisions  of  the  limb,  till  the  rttflectcMl  image  of  the  object,  setni  in  the 
teles^-ope,  nearly  toiiches  the  direct  imap^e  of  the  horizon  :  tii^hten  the  indt^x 
by  the  screw  at  the  back  of  the  iiisf rinnent ;  make  the  contact  con)pl(  te  in 
the  middle  between  the  parallel  wires  of  the  telescope,  by  the  tarjgent 
^      %erew,  and  by  sweeping,  exactly  in  the  same  manner,  as  when  observing  wiQi 

quadrant,  and  the  central  index  will  point  out  the  altitude  of  the  object. 

If  an  obsrrvftfion  to  thf  left  is  taken,  and  the  object  be  brii;:;bf,  a  !arc;e 
dnrk  glass  must  be  placed  at  a  a,  if  the  altitude  be  between  0  -*  and  ; 
otlierwise  a  small  glass  at  C  ;  hold  the  instrument  in  the  left  hand,  in  a  ver> 
tical  position,  move  the  central  index  contrary  to  the  order  of  the  divisions, 
'and  bring  the  reflected  image  in  contact  with  the  horizon  as  above :  the  an- 
gle shown  by  the  central  index  bdng  subtracted  from  720^,  will  be  the 
sought  altitude. 

In  both  these  methods  of  observing  the  meridian  altitude  of  an  object,  the 
cirde,  the  radius  of  which  is  only  five  inches,  will  hardly  be  so  accurate  afs  a 

good  sextant  of  a  larger  radins :  but,  by  the  help  of  a  well  regulated  watch, 
the  meridian  altitude  miy  be  obtained,  by  the  circle,  to  a  much  greater  de- 
gree of  accuracy  than  by  a  sextant,  by  observing  in  the  following  manner. 
A  few  minutes  before  the  object  passes  the  meridian,  begin  to  observe  the 
altitude  by  cross  observatioTM  (in  the  manner  to  be  describeid  in  the  next  ar- 
ticle) and  note  the  time  of  each  observation  by  the  watch:  continue  toob- 
serve  till  a  few  minutes  after  the  object  has  passed  Uu'  meridian:  then  the 
angles  shown  by  the  central  index  being  divided  by  the  whole  number  of 
tiraervationp,  wdl  give  the  approximate  meri^Uan  altitude;  the  correction  to 
be  applied  to  it  to  obtain  the  true  meridian  altitude,  may  be  found  by  means 


*  In  some  iiurrumeMS  ihrra  b  mn  mdiimxmen{,m(  thu  horixon  glass,  to  pbce  it  at  its  proper  ani^  with 
1k»  axis  ol'  the  iel«>  :co{>e ;  if  an  ii4}*isu&ciit  wf  kiod  U  neccttaiy,  U  OOfTht  ^  mnil''  tteton  tbe  otljer 
wlJiittniMltt,  in  "iu  U  (imiim-r  that  if  a  cutoared  g\au  bf  llx«d  al  C,  noiie  (if  the  ra>»  rruui  the  central 
gMCf  m  kt  vsilaetctl  i<»  tiw  idMoope  fioni  tiM  borlmm  gkM  wUboni  |»Mlnf  ttie  cokMwad  gten.  T* 
«lVei  thii,  tfM  vffitf c^lr  muu  be  ptacM  at  O,  ami  lowered  *>  e*  !•  Intrreept  Ibe  direct  l^flu  cotlf «|f  t  Uiea 
plae*  colour,"!  fiaia  at  0,  and  direct  the  tel«»Myipe  to  tbetilvereti  part  of  tbe  bortton  ffian  {  now  the 
«entm|  Aidtrx,  and  If  no  unrolourpd  Inin^rs  appi^ur  (reHrdeit  rruin  tb<>  ccntnU  yUut)  bat  all  toavrlk* 
.  kjMiK^  (iti'.'f  a<  ih.ii  oft'i '  '-'ii  Mi.eil  ^\h*^  u-r  i  iii'-  iii>ri/^>ii  '^lus  it  In  iif  proper  poduM)  oUMrwIje  li 
luiut  bv  tarneUou  iu  axis  till  ilie  uucotouieU  ia!i<^«;B  dim^ytAi. 
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of  Tables  XXXfl*  and  XXXm.  by  a  method  wliich  will  hp  explained 

hereafter,  when  trfating  of  finding  thf  Intitudf  by  a  singW' altitude  .  ftli.-  sun. 

In  this  artich'  tin-  Pii  ridinn  nifltudr  h;is  only  l"'<'n  spoken  of.  llM»u{;h  it  is 
evid«'tit  that  the  method  is  auplicahle  to  an  object  not  on  the  meridian  ;  but 
in  this  case  the  cr»)ss  obsenrations,  which  give  to  the  drele  all  its  advanta(;e8, 
may  be  used,  and  the  mean  of  the  altitudes  taken  instead  of  a  single  alti- 
tude'; thb  method  is  peculiarly  adapted  to  the  t;ikii)tt  of  oliitudr?;  for  rej^- 
latiuK  a  wntrh,  n»r  wnicb  reason  it  will  be  j>arlicuiarly  explained  in  the  foK 
lo>\ini5  article  : — 

To  take  (Utitude$  of  the  tun  or  any  cdestial  objtctt  btf  cross  obstrvalionSy  Jot 

rrsruUiting  a  waten. 

Fix  the  central  index  on  0,  and  if  the  object  be  bright  and  the  altitude  be- 
tween 50  and  85^  place  a  lai*ge  coloured  gUiss  before  the  central  glass,  at  a  a, 

otherwise  a  small  one  at  C  ;  hold  the  instrument  in 

the  left  hand,  iti  a  vertical  position  :  move  the  hori-  Tiirnsi  of  ofos. 

20U  ind*  X  till  the  iniaKe  of  the  reflected  object  he       'lh.20/  6.* 

brought  in  complete  contact  with  the  horizon,  in  the      J*  ^J*  J^' 

midue  between  the  two  parallel  wires  of  the  tel-     ^'  j^] 

escope,  as  directed  in  the  preceding  article,  and  note      ^  j^* 

the  time  of  observation  by  the  watch ;  then  fasten      4^  55]  ^ 

the  horizon  index ;  huld  the  instrument  in  the  rieht  AdkIc. 

hand,  in  a  vertical  position,  move  the  centeal  niala  6)26.  16.  40.     6)60^  24' 

according  to  the  order  of  the  divisions,  till  the  re-   —   

fleeted  iiiiat:*-  be  agjun  brought  into  complete  con-  4.  22.  47.  10.  4 
tact  with  tlie  horizon*  as  above,  and  note  the  time  ^— — 
of  observation.    Thco  half  the  sum  of  the  times, 

and  half  the  angle  shown  by  the  mdex,  will  be  a  mean  time,  and  a  mmm 
altitude  corresponding  thereto. 

If  greater  accuracy  be  required,  the  observ  alion  must  be  repeated,  setting 
out  from  the  points  where  the  iudices  then  are,  and  observing  in  the  same 
juaiiHcr  by  movi;ig  first  the  iiorizon  index,  Uien  the  central  one;  contiuue  ^1 
talung  as  many  of  these  cross  observations  as  are  judged  neceswry,  and  nol^# 
the  times  of  each  observation :  Thr  u  the  sum  of  the  times,  divided  by 
whole  M'.nibrr  of  i  hservatiuns,  w'lW  be  u  me«in  time:  .ind  tlie  Angle  nhoWn 
by  tJjr  central  iiid»  x,  divided  by  the  numlM-r  i>t'  ohK-rvalions,  will  he  a  mean 
altitude  correspuuUii.g  liiereto.  Thus,  if  .^ix  ubservatious  were  taken,  and  the 
times  noted  as  in  the  adjoined  table,  the  angle  shown  by  the  Index  being 
60^  i4 ,  the  mean  time  would  be  obtaJned  by  dividing  the  sum  of  tlie  times 
2Ch.  nV  40"  by     .umI  the  mean  altitude  by  tliwding  60'^  -iV  by  G;  th«Tefor« 
the  mean  time  would  be  4b.      47  '  and  the  mean  altitude  currespoudins 

7'o  nunsurt  llu  di.sldiirt  httween  the  nun  and  moon,  by  a  cif  ul  ir  instrument. 

The  iiistruuu  nt  being  well  adjusted,  fix  the  central  in«l«  x  on  0,  and  if  the 
object  be  bright,  place  a  small  dark  glass  at  C ;  hold  the  instrtunetit  so  that 
its  plane  may  be  directed  to  the  objects,  with  its  face  downwards  when  the 
sun  is  to  tlie  ri^ht  of  the  moon  :  otlierwise,  with  its  face  upwards;  direct 
the  si;?!!!  throu{rli  the  telesr(»pe  to  the  moon:  move  the  horizotj  irjdex  ac- 
cording; to  the  ordiT  of  the  divisi«»ns  of  the  limb,  till  itje  n  fleeted  image  of 
the  sun  appears  in  the  telescope,  and  the  nearest  limbs  of  the  sun  and  moon 
are  almost  in  contact;  fasten  the  index,  and  make  the  coincidence  of  the 

•  "Hic  arch  ilrsrribwl  n  '  In-  ii':  !>  !>>  il-c  i  •  riirnl  imtrx  will  l>e  iM{inii  lo  twiw  lh«-  iiltitii<tr  of  ili<  n(.icr-f, 
or  twirf  thi^aiiirlp  fM«««'il  ov.-r  li   On  ociuT  rrwlox  :  if  nwjic  rn»««  observ  lion*  l»r  Uik^'o.  rncU  •<(  'Ik  indi- 


CM,wb«n  inomi,  wii' ilcscriiif  an  arcli  iH]ual  lu  double  thealtilmir  orthenlyrct:  llir^iune  if  to  lMoli«enr. 
ed  \i\  iiH^MirloF  any  other  anruiar  dltuinff  If  llie  innroia*-!!!  i«.  fm •ii«T)c<l  ulih  il>e  urch  V.'SH,  and 
sUdlruK  pl«cr«  U,  X,'  you  rouM  hrinfr  the  xlide  X  to  the  central  intirx  aft<T  .nktn!;:  ih«!  fii  >t  obMrrraUon  10 
plaoe  the  tlkle  U  V  the  lame  degree  OB  the  arch  8W  ttut  X  U  on  iltr  arch  PK I  Ifcm,  in  lh« 
itioiu  the  eentml  Imles  !•  10  bt  liraivlit  10  loiMBb  the  alM^ 
left  Utfiatde  X  H  to  he  bi^Hteht  to  the  centmt  fiwVn,  and  <a  oa  for  ttw  etim  otwerration*.  Thiu,b7 


the  and 

nest  oInciTatioii. 


«l  the  iIMm.  tbeindicM  m;ty  b«  placet  nt  nearly  \h,-\v  pn>per  ani;lM  with  p»*ek«4her  •!  the begianiiqi o< 
tN  ubitrfMlqM,  which  will  mtc  considerable  lime.  After  being  thus  filed,  Um  MStMt  wms  In  COHpltl{^ 
of  Ibt  taagmi  arrew  of  iSe  indet,  vkMik  ( 
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limbs  perlect,  in  the  middle  between  the  two  parallel  wires  of  the  telescope, 
hy  means  of  the  tangent  screw  of  the  horizon  glass,  and  note  the  time  of  oV 
^rvation,  then  invert  tho  instrument,  and  move  the  central  index,  according 
to  the  ordrr  th<-  divisions  of  the  limb,  by  a  quantity  equal  to  twice  the 
nrcli  pa.ssed  over  by  the  huri/.oii  index  (or  twiee  the  distance  of  the  sun  and 
moon;*)  direct  the  plane  of  the  instrument  to  the  objects  ;  look  directly  at 
the  moon,  and  the  sun  will  be  seen  in  the  field  of  the  telescope :  fasten  the 
4*entral  index,  and  make  the  contact  of  their  nearest  limbs  complete,  in  thr 
middle  between  the  two  parallel  wires  of  the  telescope,  by  means  of  the 
taiipent  screw  of  the  rentral.jndex,  and  note  the  time  of  observation  ;  the« 
half  tiie  arch  shown  by  the  central  index  will  be  the  distance  of  tlie  neares»t 
fimba  of  the  sun  and  moon,  and  half  the  sum  of  the  times  will  be  the  meaa 
idme  of  observation. 

Having  finished  these  two  (  hservations,  two  others  may  be  taken  in  the 
same  manner,  setting  out  from  the  points  w  here  the  intlices  then  are,  and 
moving  first  the  horizon  index,  then  the  central  index :  proceed  thus,  till  as 
many  observations  as  are  judged  neeessary  be  taken,  always  observing  that 
the  number  of  them  be  even ;  then  the  angles  shown  by  the  central  index  (or 
that  angle  increased  by  720^,  or  11  lO'^,  Sec,  if  the  index  has  been  moved  once 
or  twice,  &.C.  round  the  limb)  being  divided  by  the  whole  nmnber  of  obser- 
vations, will  give  the  mean  distance,  and  the  sum  of  all  the  times  divided  ii\ 
like  manner  will  be  thie  mean  time  of  obsenration. 

Ti>  meamn  Ms  dittimu  h^fwem  tht  mom  and  start  ^  a  etrenlflr  uuirummL 

Fix  the  central  index  on  0,  and  if  the  moon  be  bright,  and  the  distance  be- 
tween 5*^  and  place  a  large  green  glass  before  the  central  mirror  at  a  a. 
otherwise  a  small  one  at  C  ;  hold  the  instrument  so  that  its  plane  may  be 
directed  to  the  objects,  with  itis  face  downwards  when  the  moon  is  to  the 
right  of  the  star,  otherwise  with  its  (Smm  upwards;  direct  the  siriit  through 
the  telescope  to  the  star ;  move  the  horizon  index,  according  to  tne  order  of 
the  divisions  of  the  limb,  till  the  reflected  imn{?e  of  the  moon  appears  in  the 
j»  telescope,  and  the  enlightened  limb  of  the  moou  be  nearly  in  contact  with 
the  star;  fasten  the  index,  and  make  Ae  coincidence  perfect,  in  the  middle 
between  the  parallel  wires  of  the  telescope,  by  means  of  the  tangent  ac^hew 
!>eIonging  to  that  index,  and  note  the  time  of  observation;  then  invert  the 
instrument,  and  move  the  central  index,  according  to  the  order  of  the  divi- 
sions of  the  limb,  by  a  Quantity  equal  to  twice  the  arch  passed  over  by  the 
borison  index;*  direct  uie  plane  of  the  instrument  to  the  objects,  look  df- 
^  rectly  at  the  star,  and  the  moon  will  be  seen  in  the  field  of  the  telescope : 
*rasten  the  central  index,  and  make  the  contact  of  the  enlightened  limb  of  the 
moon  and  the  .•)tar  complete,  in  the  middle  between  the  two  parallel  w  ires  ef 
the  telescope,  by  means  of  the  tangent  screw  of  that  index,  and  note  the 
time;  then  half  the  arch  shown  by  the  central  index  will  be  the  distance  of 
thenar  from  th<;  enlightened  I'm^n  of  the  moon,  and  h^If  the  sum  of  the 
times  will  be  the  mean  time  of  observation;  these  two  observations  being 
completed,  others  may  be  taken  in  tlie  same  manner,  according  to  the  di- 
rections above  given  for  measuring  the  distance  of  the  sun  from  the  moon. 

In  continuing  to  take  these  cross  observations  by  a  drcle  lUmished  with 
the  arch  WSR,  and  slides  U,  X,  it  will  be  very  easy  to  bring  the  reflected 
imap;e  into  the  field  of  the  telescope  ;  but  if  the  instrument  is  not  thus 
furnished,  it  will  be  often  difhcult  to  bring  the  image  into  the  iield  of  the 
telescope,  and  much  time  will  be  lost,  and  the  observations  rendered 
tedious  by  that  means ;  to  remedy  this,  a  small  table  of  the  angles  at 
which  each  index  should  be  placed,  ought  to  be  made  before  beginning  the 
observation ;  this  table  is  easily  formed,  as  follows  :  find  ron{;hly  according 
to  the  directions  heretofore  given,  the  point  at  wlilch  the  horizon  glass  must 
be  placed  to  be  parallel  to  the  central  glass,  when  the  central  index  is  on 
0;  then 'find  what  point  of  the  arch  the  horison  ii)d«>\  stands  upon  after 
measuring  the  first  distance,  as  directed  above;  t|ie  difference  between  these 

*  TW«  n^r  It  <kas  ex^td^tiouxly  by  man*  4f  ^rtkMi  C,    ai  wts     Uloed  fs  tbc  freecdliy*  a^t* 
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fwo  points  will  he  the  anp;ular  tlistancf  of  the  obj«  rt>< ;  iho  double  of  this 
distance  hcinj;  successively  added  to  iP,  and  to  the  :m^\e 
pointed  out  by  the  horizon  index  alter  Die  Arst  uhserv«iUon, 
•will  ^ve  the  points  of  the  arch  where  the  indices  must  be 
placed  at  the  2d.  8d.  4th.  Uc.  observations.  Thus,  if  the 
point  of  paralleli«iTi  was  171^'  and  the  point  w-liere  the  hori- 
zon index  was  at  the  tirst  observation,  was  Ij-lb^,  the  difler- 
ence  or  iii<^  w  ould  be  tiie  unguhir  distance ;  tlie  double  of 
which,  or  108C>,  being  added  to  giv^  68SO,  which  is  the 
point  of  the  arch  where  that  index  must  be  placed  at  the 
tiiird  observation;  63.S^  added  to  108*^  fiives  7  11^  or  ill^  (be- 
cause the  divisions  recommence  at  7^0*^)  whicli  is  the  point  w  hi-re  the  inUt  v 
must  be  phiced  at  tlie  fifth  obbervation,  &,c.  as  in  the  adjoined  Table.  Tiie 
central  index  being  at  first  on  after  the  second  observation  it  will  be  on 
ia80,at  the  fourth  on  108<^.f  ion^=«60,at  the  sixth  on  «180+ld80s=32r. 
he.  Thus,  by  constantly  addin;;  108^^,  or  twice  the  distance  of  the  objerN, 
the  angles,  at  which  the  indit  es  inii^t  b**  placed,  wiil  be  obtained;  and  by 
fixing  tiiem  at  these  angles,  the  rellected  image  w  ill  be  brought  into  the  field 
of  view  without  any  trouble.* 

Having  explained  the  methods  of  adjusting  and  using  the  ^ele  of  reflec* 
lion,  it  remains  ti»  show  how  to  calculate  llse  error  arising  from  not  «>bservin«c 
the  contact  of  the  objects  in  Uic  middle  bt  tween.the  ]»arallel  wires  of  the 
telescop«%  and  also  to  estimate  the  errors  arising  from  the  want  of  pttrallelidiu 
of  the  mirrors  and  coloured  glassies.  These  verifications  are  much  more 
aeceaaary  in  a  sextant  than  in  a  circle,  and  they  may  be  In  genml  ne^^eeted. 

To  etiMiole  (he  error  armng  from  not  observing  the  contact  of  the  objectt  in 
the  muUk  between  theparaliet  mre§  of  the  tekocope* 

To  estimate  that  error,  it  is  necessary  to  know  the  angular  distance  of  the 
wires  of  the  telescope,  which  may  be  thus  determined. 

Turn  ronnd  tlie  eye-piece  of  the  telescope,  till  the  w  ires  are  perpendieu- 
lar  to  the  plane  ol  the  in-strunn-nt.  and  put  the  central  index  on  0;  direet 
the  telescope  to  any  well  defined  object,  ut  least  1:^1  feet  distant,  and  mo\f* 
the  horizon  index  till  the  direct  and  reflected  image  of  the  object  coincide; 
then  make  one  of  the  wires  coincide  with  the  object,  and  turn  the  cenbal  in- 
dex till  the  reflected  image  of  the  object  coinoides  w  ith  the  other  w  ire — and 
the  arch  passed  over  by  that  index  will  he  the  angular  distance  b<  tw»'en  tj|i» 
wires.  This  angle  being  obtained,  the  observer  must,  by  means  of  it,  estj- 
mate,  at  each  obsen  ation,  how  much  the  place  where  the  contact  was  ob- 
served was  elevated  above,  or  depressed  below  the  plane  passing  through 
theeye  and  the  middle  line  between  tiu'  two  parallel  wires  of  the  teli-scope; 
thecurrecLion  in  Table  XXXV.  corresponding  to  this  angle,  is  to  be  subtracted 
from  the*  observed  angular  distance  of  the  omects :  thus  if  the  distance  be* 
twecn  the  wires  was  iP,  on«  of  them  w  ould  be  elevated  above  that  plane  1^ 
and  the  other  depressed  be|<tu  it,  by  thr  same  quantity;  if,  in  taking  an  ob- 
servation, the  pomt  of  conlaet  was  estimated  to  be  one-third  part  of  the 
tance  from  tlie  middle  towards  either  wire,  the  angle  of  elevation  or  depres- 
sion would  be  one-third  mirt  of  1^  or  SO'; 'and  if  the  observed  distance  was 
liO^  the  correction  in  Table  XXXV.  would  be  IS*"  subtractive  from  the 
observe<l  distance. 

The  correction  for  rnrh  observed  di^tanre  b.  in;;  ascertained,  in  the  ab'»\e 
manner,  the  sum  of  them  must  be  subtracted  {'nmi  iln-  u  hide  angle  shown 


*  If  the  distance  of  Ibo  object  varies  during  the  observation,  these  angles  will  reqairu 
eamcCioQ  as  yea  proeeed  wHh  the  observations.  Thus  if  Uie  distance  was  Inereasing. 

and  at  tlic  sixth  oliscrvation  it  was  found  that  t!ic  crntral  int!f  x  was  on  326^  instead  of 
324  ,  tlie  increase  bt  iug  2  ,  yon  must  add  *2  to  the  rest  of  the  niimbem  in  the  Table, 
and  place  the  horizon  index  at  the  seventh  obsenation  on  129  -f2^=:131^' and  tin- 
centrsi  index  at  the  eighth  obscrraUon  at  in^-i-if^sUMP^  fcc. 
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l>y  thf  cnitral  iiid<-\,  and  the  r<'nuurid(>r»  'divided  by  the  nliuic  number  of 
observations,  will  be  tbe  mean  tli?*tain-»-. 

Verijication  of  the  parallelism  of  the  surfaea  oj the  uniral  mirror, 

Tb's  vorifiratinn  is  to  be  niadr  n^horo,  by  obstTvinfc  the  angular  distance 
«»f  two  vv»,>ll  dcfuu'd  obj«Tts.  w  ho.-vc  diijtance  exceeds  90°  or  100^,  having  pre- 
viously well  adjusted  the  instrument;  after  taking  several  cross  observations 
and  finding  the  mean  distance,  take  out  the  "central  mirror  ind  turn  it  to 
•  that  the  e^ge  which  wan  formerly  uppermost  may  now  be  nearest  the  plane' 
of  ibe  instrurnj-nt :  rcrtify  its  position,  and  take  an  oqunl  number  of  cross 
o!»servalions  of  tlie  angular  dislunce  of  the  Hamc  two  objects  i  half  the  dif- 
fert^nce  between  tlie  mean  of  these,  and  that  of  the  former,  wlH  be  theeffW, 
of  the  ob^ved  angle,  .^rising  frotn  tlie* defect  of  parallelism  of  the  central 
.  mirror.    If  the  first  mean  exceeds  the  second,  tbe  error  is  subtractive,  other- 
'wise  additive,  the  uiirmr  beinj^  in  its  first  position;  but  the  contrary  when 
in  its  second  position.    Tiius,  if  lU  ubscrvaliuns  were  taken  at  each  opera- 
tion, and  in  the  first  the  an^le  shown  by  the  index,  was  1199^  &S&\  and  Hi 
the*  second  IfOQ^  6^';  hydividinii;  by  fO  the  mean  angles  are  found  to  b<^ 
119^  5H'«2l"and  120<^0'y9",  the  difference  of  which  is  7C",  the  half  of  which 
or       is  the  error  of  the  mirror  additive  w  In  n  it  is  in  its  first  position,  sub- 
tractive  in  Uie  secoud.    The  error  for  any  other  angle  may  be  found  by  col. 
4.  Table  XXXIV.  when  the  inclmaUon  of%e  plane  of  the  horiaon  glass  to 
the  axis  of  the  telescope  isl8^,   by  saying;,  as  the  tabular  error  correspond* 
mg  to  HO^  that  h  1'  30"  is  to  the  error  found  in  the  tcla-'^  .Vj"  -o  is  the  tabti- 
lar  error  for  any  otiier  at  V,o^  which  is  0'  JB",  to  the  error  of  the  glasT» 
corresponding  12" ;  i^ud  iu  this  maiuier.  a  table  of  errors  may  be  made,  not 
only  for  the  cross  obsenratlons,  hut  also  for  the  obserrations  to  the  right  op 
left** 

It  may  be  remarked  that  the  errrir  -  are  much  less  in  the  cross  obscrvfilion- 
than  in  the  observations  to  the  right,  w  hich  are  thos*;  matle  w  illi  a  qiiadranl 
or  sextant,  so  Uiat  the  circle  has,  in  this  respect,  gn;atly  tlie  advantage  of 
those  instruments. 

The  angle  between  the  plane  of  the  horizon  glass  and  axis  of  the  telfv 
seope  produced,  being  nearly  the  same  in  all  observations  and  adju.-^tments 
of  the  circle,  no  sensil)le  error  can  arise  from  the  want  of  parallelism  in  the 
SurAices  of  that  glass. 

J'riijication  of  tlie  parallelism  of  the  coloured  glassei. 

Place  one  of  the  dark  coloured  glasses  at  C  and  another  at  D,  fix  th*^  "'en- 
tral  index  .it  0,  direct  the  ti-lescojx'  to  the  sun,  and  move  tlir  lioriz«)n  index 
till  the  limbs  of  tlie  direct  and  retlecte.d  image  coincide;  then  turn  tlie  dark 
^lass  placed  at  "C,  so  that  the  surface  which  was  farthest  from  the  horizon 
glass  may  now  be  nearest  to  it,  and  if  tin-  cotUact  of  the  same  two  limbs  be 
complete,  the  surfaces  of  the  glass  placed  at  C  are  pandlel:  but  if  tlie  limbs- 
lap  over  or  sejiarate,  the  central  index  must  be  moved  to  bring  them  again 
in  contact,  then  lialf  the  arch  passed  over  by  tluit  index  will  be  the  error  aris- 
ong  from  the  want  of  paralleUsm  of  the  glass  C.  If  great  accuracy  is  reqnired« 
the  operation  may  be  repeated,  by  setting  out  from 'the  point  when  in- 
dices then  are,  and  taking  4  or  H,  ike.  observations,  then  the  arch  passed  over 
by  the  central  index  being  divided  by  I,  6,  kc.  will  be  the  sought  error. 
The  other  small  glasses  may  be  %-erified  in  the  same  manner;  and  by  plac- 
ing one  of  the  larger  glasses  before  the  central  index  at  a  a,  and  one  of  the 
smaller  ones  at  D,  the  former  may  be  Tcrified  as  above.  The  green  glasses 
may  be  verified  b}*  observing  the  diaiiieter  of  the  full  mooOt  or  by-  some 
bright  terrestrial  object. 

It  may  be  remarked  as  one  of  the  greatest  advantages  of  the  circle,  that 
in  measurhig  an  angle  by  the  cross  observations,  no  error  can  arise  from  the 


*  If  tbe  UkUoaUoo  of  Uie  uiao«  or  the  boriion  glass  and  Ibe  axii  of  tbe  iclwcmw  dUftfr  from  80%  tqu 
may  find  tbm  lalnikr  wmlDcn  bjr  the  nrilMd  ^ca  la  the  cnrtnwilM  of  1Ui»3QCXIV»  pnetara  lo 
the  Tftbkft 
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wajit  of  parailelisui  iu  the  surfaces  ol  the  smaller  dark  glasses;  for  if  those 
f^kaaes  give  too  great  an  angle  by  an  dwenration  to  the  ri^lit,  xiicy  give  too 
little  by  the  same  quantity  by  an  observatioti  to  the  left.  It  is  not  so  with 
the  larger  jrl^sso'^  plnrrd  at  <i  a,  because  tin-  incidence  of  the  rays  on  thanu 
glassy's  is  nion*  ubiiijiir  in  one  observation  tiiaii  in  the  other,  so  that  the  er- 
rors do  not  wholly  balance  each  other;  however,  as  those  glasseii  are  lUicd 
oaly  In  measuring  angles  less  tlian  85^,  in  which  the  errors  are  nterly  the 
saoM  as  if  the  incidence  of  the  rays  was  perpendicular,  tiie  errors  of  those 
|^«*<<es  nill  also  nearly  compensate  each  oiIut  in  the  cross  observations; 
ami  irthos<*  observations  only  were  used,  it  would  be  unnecessary  to  verify 
the  dark  glasses :->£vca  when  tiikhig  observations  to  ttie  right,  or  obscrva- 
tione  to  the  left,  the  error  of  the  dark  glasses  would  be  destroyed,  if  the  glass 
was  turned  at  eueh  observation,  and  the  number  of  obscnralions  was  even; 
but  there  are  som»'  cases  in  wliirh  an  angle  can  only  be  measured  by  one 
observation,  tin-n  it  would  be  necessary  to  allow  for  the  error  of  the  dark 
gl^ss,  if  tht^  distance  was  required  to  be  found  >vithin  »  few  seconds. 


ON  PARALLAX,  REFRACTION, 
i)ir  OF  Tirii  HOKIZOA. 

PARALLAX  (or  diurnal  parallax)  is  the  dijftnnce  lUuxai  the  trueailUudtK 
of  Me  tam  moon,  or  ttar,     if  tttre  ohstrved  of  the  centre  of  /Ac  cortl,  pm' 
th  apparent  altltwh  ohsa  vti  at  the  tame  mataht      a  spectator  of  an3f  jioinf 

M  thf  surface  of  the  mrih.  i 
Thus  in  Phtr  IX.  frA-  let  AIU:  l»e  tlic  earth,  C  its  centre,  A  the  place  nf  ^ 
a  spectator,  EDF  part  of  the  moon's  orbit,  e  d  ii  part  of  the  orbit  of  a  planet, 
and  KZ  part  of  the  starrr  iieavens.  Then  if  at  any  time  the  moon  be  at  Dt 
she  wOi  be  referred  to  tne  pojnt  H  by  a  spectator  supposed  to  be  placed  at 
the  centre  of  the  earth,  and  tlii-^  is  cafled  the  true  place  of  the  moon,  bi:f  th« 
spectiitor  at  A  will  refer  t!ie  m<»<u)  to  flic  point  6,  and  tliis  is  calleil  the  appa- 
TWf  place  of  the  moon,  the  dilTerence  U  b  (or  the  iwv^W  HD6=ADC)  ia  called 
fbt  momt'i paraUax  m  attitude,  which  is  evidently  ^^reatest  when  the  moon 
li  in  the  borinin  at  £,  being  tlien  ecptal  to  the  arcli  K  I,  and  decre^ases  from 
the  horizon  to  the  zenith  and  is  th(  re  nothing.  The  parallax  is  less  as  the 
objects  ar<'  farther  from  the  earth:  thus  the  parallax  of  a  jdariet  at  <i  is  re- 
presented by  a  6,  being  less  than  that  of  tl;e  moon  at  I);  avid  the  hori- 
aontal  pstfaikuc  K  /  of  the  planet  is  less  than  the  horizontal  parallax  KI 
•f  the  moon.  As  the  parallax  makes  the  objects  appear  lower  than  tlicy 
really  are,  it  is  evident  that  the  parallax  nm^i  be  ndded  to  the  apparent 
altitude  to  obtain  the  true  altitude.  Havin;;  the  horizontal  p  irallax,  Htlvt 
parallax  iu  altitude  is  easily  found  by  the  following  rule — As  radius  is  to  the 
to-rime  of  the  apparent  altiitvie,  so  is  the  httrhontal  paraUax  to  (he  panUkaein 
altitude.  This  rule  may  be  easily  proved:  for  in  the  triangle  CAE  we  have 
CE  :  CA  :  :  radio-  :  ^Ine  CKA  ;  and  in  the  trian^^le  CD  A  we  have  CD  (or 
CE)  :  CA  :  :  sine  CAD  :  sine  CDA;  hence  we  have,  radius  :  sine  CKA  :  :  sine 
CAD  :  sine  CDA,  but  CliA=iiori/.oiital  parallax,  CDA=parallax  in  altitude, 
and  sine  CADssco-sinc  app.  alt.  Hence  we  have  radius  :  co^o  app. 
.-dt.  :  :  sine  hor.  par.  :  sine  par.  ia  alt.  but  the  parallaxes  of  the  heavenly 
bodies  beiij.^  y^ry  small,  the  sines  tirr  nearly  proportional  to  the  ))arallaxes« 
h«'nre  we  in:iy  say,  as  radius  :  cf» -sine  a|»p.  alt.  :  :  ^<ur.  par.  :  par.  malt. 

The  sun's  mean  p;irallax  in  altitude  is  given  in  Table  XiV.  for  eatrh  f|0  or 
too  of  altitude.  The  moon*8  horizontal  parallax  to  given  in  the  7th  page  of 
the  month  uf  theffautical  Alraanar,  for  every  noon  and  midnight  at  the  me*  , 
ridian  of  Greenwich.  ^ 
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RCtRACTION  or  THK  HKAVENLT  BODIES. 

It  is  known  by  various  experiments  that  the  nj9  of  light  deviate  from  their 

rectilinrar  course  in  passing  obliquely  out  of  one  medium  into  another  of  a 
dilVerenl  density,  and  if  the  density  of  the  latter  medium  continually  in- 
cre<tse,  the  rays  of  light  in  passing  tlirou;;h  it  will  deviate  more  and  more 
from  thf  right  linca  in  which  they  were  projected  towards  the  ptTpendicuIar 
to  the  surface  of  the  medium :  This  may  be  illustrated  by  the  following  ex> 
prriment:  make  a  mark  at  tho  hottom  of  any  bason  or  other  vessel,  and 
place  yourself  in  such  n  situation  that  the  hithi  r  edge  of  the  bason  may  just 
hide  the  mark  from  your  sight,  tiiea  keep  your  eye  steady,  and  let  another 
pefBon  fin  thfi  bason  |;entJy  with  water :  as  the  btoon  is  filled,  you  will  por- 
••eire  the  mark  come  into  view,  and  appear  to  be  elevated  above  its  fornuT 
situation.  In  a  similar  manner,  tho  li;:iit  in  passing  from  the  heavenly  bodirs 
tlirough  the  atmosphere  of  tlic  earth  deviates  from  its  rectilinear  courier-,  by 
which  means  those  objects  appear  higher  than  tiiey  really  are,  except  wheii 
in  the  senith ;  this  apparoDt  elevatioD  of  the  heavenly  bodies  abote  their  true 
places,  is  called  tlir  refraction  of  tliosc  bodies.  To  illustrate  this,  let  ABC 
(  Fig.  ii,  Plate  IX.)  represent  th<'  atmosphere  surrounding  the  e^arth  DEF,  and 
let  an  observer  be  at  D,  and  a  staral  «,  then  if  there  were  no  refraction,  the 
observer  would  see  the  star  according  to  the  direction  of  the  right  line  D  a, 
»  but  aa  the  light  is  refracted,  it  wUl,  whm  entering  the  atmosphere  near  A,  be 
bent  from  its  rectilinear  course,  and  will  describe  a  curvBline  from  A  to  D, 
and  at  entering  the  eye  of  the  observer  at  D  will  appear  in  tlie  line  D  6, 
which  is  a  tangent  to  the  curve  at  the  point  D,  and  the  arch  ab  will  be  thf; 
refraction  in  altitude  or  simply  the  refraction,  which  must  be  subtracted  from 
the  observed  altitude  to  obtam  the  true. 

At  the  zenith  the  refr aeiion  is  notliing*  and  the  lesser  the  altitude  the  more 
obliquely  the  rays  will  enter  l!ie  atmosphere,  and  tlie  greater  will  be  the  re- 
iVaction:  at  the  horizon  the  refraction  is  great<'st.  In  consequence  of  the 
refraction,  any  heavenly  body  may  be  actually  below  the  borison,  when  ap- 
pearing above  it  Thus  when  the  sun  is  at  T  below  the  horizon,  a  ray  of 
light  TI  proceeding  from  T  comes  straight  to  I,  and  is  there,  on  entering  the 
atmosphere,  turned  out  of  its  rectilinear  course,  and  is  so  bent  down  to- 
wards the  eye  of  the  observer  at  D,  that  the  sun  appears  in  the  direction  of 
the  refracted  ray  above  the  horizon  at  S. 

Th*  mean  quantity  of  the  r<>fraction  of  the  heavenly  bodies  Is  given  in  Ta-> 
ble  XII.  All  observed  altitudes  of  the  sim,  moopt  planet<),  or  other  heavenly 
bodies,  must  be  decreased  by  the  numbers  taken  from  that  Table  corres- 
ponding to  the  observed  altitude  of  the  object.  The  rcfrdclion  varies  with 
the  temperature  aind  density  of  the  air,  increasing  b}-  cold  or  greater  density, 
ttid  decreasing  by  heat  and  rarity  of  the  atmosphere.  The  corrections  to  be 
applied  to  tin*  nn:nhe-  s  lal:en  from  Table.XII.  for  diflerent  heishts  of  Fahren- 
heit's Thermomet»;r  and  the  liarometer,  are  ?:iven  in  Table  XXWI.*^  Thu*, 
if  the  refraction  was  required  for  tlie  apparent  altitude  5*^,  when  the  thermo> 
meter  was  at  80^  and  tlie  birometer  at  30,67  inches,  we  should  have  the 
mean  refraction  by  Table  XII.  cipial  to  9' 53".  and  by  Table  XXXVI.  the 
rorrection  corresponding  to  the  height  of  the  thermometer  'iio-  iMjital  to-f  IS", 
and  for  tlie  barometer  ^50,07  equal  to-f  hence  the  true  refraction  will 
be  9'  i>a"-|-48"4-2i"=U'  6". 

There  is  sometimes  an  irregular  refraction  near  the  horizon  caused  by  thf^ 
vapours  near  the  surfiice  of  the  earth;  the  only  method  of  avoiding  the  error 
arising  from  this  source,  whieii  is  sometimes  very  great,  is  to  take  the  ob- 
servations at  a  time  when  the  object  which  is  observed  is  more  than  10^ 
above  the  horizon. 

The  refraction  makes  any  terrestrial  object  appear  more  elevated  thun  it 
really  is ;  the  ifuantity  of  this  elevation  varies  at  diflerent  times  from  4  to 

Tliis  table  is  to  be  entered  ivith  the  height  of  the  Tburmoinulcr  or  Barometer  at 
the  to|s  and  the  an^nt  ahitode  at  the  akie,  under  the  former,  and  opposite  the  latter, 

will  be  the  rorrcclion  corresponding  to  the  Thcnnometcr  or  Barometer,  which  w  tcrbe 
applied  to  the  mean  refraction  by  addition  or  subtraction  according  to  the  »t%m  at  (he 
top  of  the  columns  resprctivelv. 
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of  the  angle  fonoed  at  the  centre  of  the  earth,  hetween  the  object  and  the 

tkhsenrer,  but  in  general  this  refraction  is  about  -fx  ^f  angle. 

DIP  OF  TBV  BoaiaoK. 

Dip  of  the  horizon  \f>  tlic  aii;rl)-  of  depression  ofthn  visible  horizon  b<  luw 
the  tnu'  or  ^f  iisiMr  horizon  (touching;  the  rarth  at  th*-  <»!»Hervf»r)  arising  from 
the  ••l<'\at'uMi  of  iho  « y<'  <»rthr  obs^'r^(■r  r.hovr  tin  U  vt  l  (»f  liie  ««'a.  Thus 
iii  IMatr  IX.  Fij;.  1.  i«-t  ABC  ri'i)ri's»>iil  a  s^iftion  of  the  t-arthf  whose  planu 
tnoduced  pa88<  s  through  the  oWrver  and  the  object,  and  let  AE  M  the 
height  of  th«'  e  ye  of  the  obscrvrr  above  the  surfar*-  of  tht*  earth,  then  FEG 
<lraivn  paralh  l  to  tli*-  f  uv;:<'nt  to  tin*  snirfarr  ;it  A,>\ill  represent  the  true,  hori- 
zon, and  KIH.  tt)U(  bMi;;  t la- earth  at  1,  ill  represent  ihe.  appan  nt  horizon 
tJu  refore  th«-  angb-  FKH  will  be  the  dip  of  the  horizon,  i^et  M  be  an  object 
whose  altitude  is  to  be  observed  by  a  fore  observation  by  bringing  the  image 
w  contact  with  tlie  apparent  horizon  at  H;  then  will  the  angle  MEH  be  the 
olioerved  altitod*-.  wliii  h  prrealcr  tlian  the  anp;le  MEF  (the  altitude  indc- 
peudeul  of  the  dip)  by  the  quantity  of  the  angle  FEU;  so  tliat  in  taking  a 
lore  observation  tlie  dip  mtiftt  he  subtracted  from  the  observed  aMtnde  to 
obtain  the  altitinle  eorrected  for  the  dip.  In  a  baek  observation  the  appa- 
rent horizftn  is  in  the  direction  EK,  and  by  continuing  this  line  in  the  direc- 
tion ETi  we  shnll  have  the  observj  d  nltitud<  MEL.  and  it  is  evident  that  to 
tliis  the  dip  LEF  (=KEG)  mubt  be  added  to  obtain  the  altitude  currectui 
for  the 'dip. 

In  Table  XIIT.  is  given  the  dip  for  every  probable  height  of  the  observes 

<'Xprei<  ird  in  fee  t.  In  calculatinK  this  table,  attention  was  paid  to  the  terres- 
trial refrTK  tinn  which  decrf  a«rs  the  di{>  a  little,  because  IE  becomes  a  curve 
line  instead  of  a  .straight  one,  iuid  £11  ih  a  tiingcnt  to  that  curve  in  the 
point  E. 

What  has  been  said  concerning  the  dip  of  the  horison  supfioses  It  fi«o 

from  all  incunibranres  of  land  or  other  <ibjert^  :  but  n«  it  often  happens 
w  hen  ships  are  sailinjr  nlonjj  shore,  or  ;ire  at  anchor  in  a  harbour,  that  an  ob- 
servation is  wanted  wlien  tiie  sun  is  over  the  Incid,  and  tiie  shore  nearer  the 
dhip  than  the  visible  horizon  would  be  if  it  were  unconllned ;  in  this  caao 
the  dip  of  the  horizon  wrill  be  dlflcrent  from  what  it  otherwise  would  have 
I)ccn,  and  greater  the  nenrer  the  sliip  is  to  that  part  of  the  shore  to  which 
the  sun  is  Itroirjdit  down.  For  tins  rt-ai-iin  'J'able  XVI.  has  been  inserted, 
ivhich  contains  the  dip  of  the  sea  at  diHVreiit  heights  of  the  eye,  and  at  dif- 
ferent distances  of  the  ship  from  the  land.  This  table  is  to  be  entered  at 
the  top  w  ith  the  height  of  th»>  »>  of  the  observer  aliove  the  b  vcl  of  the  sea 
in  feet,  and  in  the  h'ft  hand  side  column  w  ith  the  distiuicj-  of  the  ship  from  the 
land  in  sea  miles  and  parts  ;  under  the  former,  and  opposite  the  latter,  stands 
the  dip  of  the  horizon,  which  is  to  be  subtracted  from  the  altitude  observed 
by  a  fore  observation  instead  of  the  numhers  in  Table  XIII. 

The  distance  of  the  land  requisite  in  finding  the  dip  from  Table  XVI. 
may  be  found  nearly  in  the  followinji;  ?nanner — Let  two  observers,  one 
placed  as  high  on  tiie  maiu-mant  as  he  can  conveniently  be,  and  the  other 
on  the  deck ImmedUitely  beneath  him,  observe  at  the  same  instant  the  alti- 
tude of  the  sttn  or  other  object  th;tt  may  be  wanted,  and  let  the  height  of  ' 
the  eye  of  the  upper  observer  above  that  of  the  low  er  he  measured  in  feet 
a!id  multipli*  (1  by  O,.*;!?,  and  the  product,  divided  by  the  difTiTence  of  the  ' 
observed  altitudes  of  the  sun  iii  minutes,  will  be  the  distance  in  sea  milca^ 
nearly. 

Thus,  if  the  eye  of  the  upper  observer  was  68  feet  higher  than  that  of 
tlx-  low.  r,  and  the  t\\o  obs»  rv»'d  altitudes  of  the  sun  20^  0'  and  20°  12'  the 
distance  of  the  land  in  sea  mih  s  would  be  r),'2.  For  «P,  x  0.06  =  .S«,Ot)  and 
this  di\ided  by  the  difference  of  the  two  observed  altitudes  of  the  sun  12' 
gives  9,2  nearly.  Now  if  the  lower  obaerver  was  feet  above  the  level  of 
the  sea,  the  dip  corresponding  to  this  height  and  the  distance  .'1,2  miles  would 
he  6\  w  hich  subtracted  from  S0<^  0'  leaves  19<^  54'  the  altitude  corrected  for 

tiie  dip. 

The  dip  may  he  calculated  in  this  kind  of  observations  to  a  sufficient  do- 
jrrce  of  acrurary  without  u'inic  T^ble  XVI.  in  the  fWllowine  marnier-^DIvide 
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|he  fliffercnrc!  of  the  hcr^Tifs  of  the  two  obsen'ers  in  feet  by  the  difTererKJcj 
of  the  observed  altitude  in  minutes,  and  reserve  the  quotient.  Divide  the 
height  of  the  lower /ibaener  in  feet  by  this  reserved  number,  and  to  the 
oiunbnt  add  one  quaVler  of  the  reserved  number^  and  the  sum  will  be  the- 
alp  in  minutes  corresponding  to  flie  lower  observer,  Thus  in  the  above  ex- 
ample f  |=:5',6  is  the  re^tTved  niimbor,  and  ^,^=4.  4,  to  this  add  otio  fourth 
of  b'M  or  r.4  and  the  sum  will  hv  tin-  dip  5'.8  or  nearly  6'  corresponding  to 
the  lower  observer,  being  the  same  as  was  found  by  the  tabic. 


•I 


TO  FIND  THE  SVH'S  OECLUVATIOA. .. 

THE  declination  of  the  sun  is  given  to  the  nearest  minute  in  Tab.  IV.  fur 
tifWf  noon  at  Greenwich,  from  the  year  18S4  to  llBdS;  and  thia  tabic 
wiH  answer  for  some  years  beyond  that  period,  without  any  material  error; 

if  great  acrurary  is  n'f|nired,  thr  tb-dination  may  be  tnkt-n  from  thv  second 
page  of  the  month  of  thr  Nautical  Almanac*  This  d('crmati<»n  may  be 
reduced  to  any  other  meridian,  by  means  of  Table  V.  in  the  following 


Jmd  ikt  9m*9  deeUnaikn  ai  noon,  ol  onjf  pkue* 

HuLE.  Take  out  the  dedination  at  noon  at  Greenwich  from  Table  tV^ 
(or  from  th«'  NautinI  Ahnanac:)  then  find  the  longitude  from  Greenwich 
in  the  top  column  of  Table  V.and  the  day  of  the  month  in  the  side  column; 
imder  the  former,  and  opuosite  to  the  latter,  wiU  be  a  correction  in  minutes 
and  seconds,  to  be  anpliea  to  the  declination  taken  from  Table  IV :  to  Imow 
wlielber  thte^correcuon  bo  additix «-  or  s!d>tractive,  you  must  look  at  the  top 
ofthe  column  where  you  A>und  tlie  day  of  the  morith/a'nd  yon  will  see  it 
noted  whether  to  add  or  subtract,  aeconiiiig  as  the  lonj^itudf  is  east  or  west. 
This  correction  being  applied,  you  will  have  the  declination  at  noon  at  the 
citcophioo. 

EXAMPLE  L 

Required  the  declination  of  tlw  sim  at  tlir  nid  of  thesea-dayi  October  iD» 
1824,  in  the  longitude  of  il  l^  K.  from  Greenwich? 
Sun's  decUnation  Oct.  10,  at  Greenwich,  at  the  end  of  the  sea-day 

or  beginning  of  the  day  m  the  N.  A.  by  Tab.  W  •  •  6^  44'  8. 

Variation  of  Dec.  Tab.  v.  Oct  10,  ui  114^  E.  long.  ipib.     .      0  7 


True  dec.  noon,  Oct.  10.  m  Ion;;;.  114^  E.    6   97  S* 

EXAMPLE  If. 


Required  the  sun's  declination  at  noon  cndinp;  the  sea- day  of  iVIarck  12, 
1834,  in  tile  longitude  of  7b'^  W.  from  Greenwich? 

Sun's  decfination  March  1£,  by  Tab.  IV»^  »      IS'  S. 

Var.  Tab.  V.  March  If,  long.  750  W.      sub*  .....      ..  .  5 

True  declination,  noon,  March  1  2,  lonj;.  70°  W  f  .  .  .  .  d  B 

1 

The  preceding  correction  ou^lit  nlnay«  to  be  applied  to  the  derlination  u^cd  in 
workiog  a  meridian  observation  to  determine  the  latitude,  though  m^ai^miUDiicrs  are  in 
tiMb^  of  neglecting  It.  ^ 

•  In  lindinsj  Itie  (Jpi  liiuitioii,  or  miy  otlirr  <|nantitv,  in  !lif  KAiiticnl  Alnnnnc,  yoti  mii'*!  Im*  rarrfitl  to 
note  th*"  ilifTerencf  Ix-tucLn  ti  c  ris  il,  niium  al.  and  a>iroii<inii<  al  Bccotint  of  time.  Tlie  civil  «lay  bc^firs 
tit  mi(tni<^ht,niid  emt«  thi-  foltuwin^  nrulniclitt  the  interval  being  dividmi  ioto24  bouni^aJld  U  reckoord 
in  nuin«fral  lucces^iou  trnni  I  to  12,  tJtfn  beginning  atrnin  at  I  ami  ciMliiig  M  I9l  The  imatiailor 
d.iy  begins  at  nnon,  12  h<iur>  l>fr>ire  ibo  civil  dav,  and  cods  the  foUowinc  iMWn;  the  fint  iShom  ai0 
mnrked  P.  Iff.  th«  latter  A-  M.  The  a«ironntniml  day  br^nt  ai  miod,  12  Mnm  aflwr  the  tMH  4hqr,  a«l 
24  b<Kin  after  die  Mtt-<lajr,  and  in  <i|«i(led  into 24  iMMn,  MMbMcd  im  mimral  kurermion  from  i  toSI, 
brflnnlng  ttiMMNI,  mmI  •ndin>;  lb«  foUmTtnf  noon.  Alt ttw  cakolatlAM  of  the  Nnuiieal  Almanac  are 
•tepml  lo  M«tronumlcol  luoe i  tbe  drrliimrion  markMl  in  th^  Nrtuticnl  AInwnai-,  or  in  TaMc  IV.  i« 
«ila|llcd  Is  the  bei^nniiit;  of  thr  aMronumirnl  day,  or  lo  tbe  end  of  tht?  ^^a•d:ly,  it  Mna  at  ibi-  cdiI  ki" 
the  ara-day  wben  mariners  w.int  the  d<H-linHtioii  lo  determine  tbeir  latitude.  It  noukl  be  much  better  '( 
iMamen  woald  sdopt  ihc  vtmiKiaiictUday^and  wholly  nf^jlect  lh«  old  inetbodrf  roanllrr;  hf  tlx  «ea^ifnv. 
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TO  ¥mD  Tri£  SUN'S  D£CUNATION.  lU 

'J'o  find  //i€  sun*a  declinat'unt  at  any  time  utuler  any  mtrhlian. 
llrLE.  Ke<liu  e  tlu'  sun's  iU-clinatitm  ;it  noon  at  (ircenu  irii  to  noun  niid«'r 
Uie  given  meridiun,  by  preceding  rule.  Tiien  enter  Table  V.  wilii  the 
taae  fnim  noMi  ftt  the  top,  and  the  day  of  the  montli  in  the  side  coIurui; 
IflldKr  the  former,  and  opposite  the  latter,  will  bc!  the  correction  to  be  ap- 
|lHed  to  that  reduffd  (Icclinafion.  To  know  whether  this  correction  be  addi- 
tive or  snbtracfivf,  ymi  nlu^-t  look  at  the  t<'p  of  thecohunn  wlirrc  yoti  found 
the  day  of  the  niuntii,  and  you  \s  il)  find  il  noted  ivhetlier  to  add  or  bubtract« 
^orvQgaitlMtiaie  is  bemre  or  aHernoon. 

EXAMPLE  III. 

Required  the  sun's  decUnation  October  10,  18t4,  sea  account,  at  8h.  SI' 

in  the  forenoon,  in  the  longitude  of  114^  E.  from  Greenwich  ? 

Sun's  declination  Oct.  lo,  at  Greenwich  at  noon,  by  Tab.  IV.   .  •  6^  44'  S* 

V^ariation  for  114^  £.  long  sub.   .  .  7 


DecIinatioB  at  noon,  October  10,  in  long.  114<'  E  6  «7 

Variation  of  dec  for  8li*     firom  noon*  Oct  lO,  •  •  •  iub.  •  •  ft 

True  dec.  Oct.  10,  sea  acc.  in  long.  1)7^  E.  at  Ck.  21'  A.  M.    ...  6  94  8. 

EXAMPLE  IV. 

Required  tlie  sim^s declination  May  10,  1824,  sea  account,  at  ^b.  dO'  P.  JVI. 
in  the  longitude  of  17^  80*  E.  from  Greenwich  f 

Variation  of  declination,  May  10,  in  long.  17^  d(y  E.  .  •  Bub.  .  .  4S^ 


Variation  of  dedhiation  for  dh.  90'  P.  M.  additive   s  u 


Diff.  is  additive  because  the  greatest  number  is  80    2  56 

May  10,  sea  account,  is  May  9,  by  N*  A.  at  winch  time  sun's 

decluiatiOQ  17^  tO  10 


^nrue  declination  May  10,  5h.  .io'  P.  M.  ^ea  accouut  in  long. 

IT^SO'E.  17  28  CN. 

EXAMPLE  V. 


Required  the  sun's  declination  March  26,  18S4,  sea  account,  at  9h.  P.  Bf. 


ni  the  longitude  of  1;20^^E.  fron>  (Jreenwich? 
Variation  of  declination,  March  2ti,  in  long.  liO*^  E.  .  .  .sub.    .  .    7'  bO" 
Variation  for  3h.  P.  M  add  2 


DilT-  is  Huhtraclive  because  the  greatest  nunihcr  is  so  0     4  5 1 

^arcb  £6,  sea  acc.  is  Mar.  2^,  by  N.  A.  at  which  time  sun's  dec   i    <  i  n  V . 

IVue  declination  March  26,  rA\.  p.  M.  sea  account  1  49  f  7  N. 


VARIATION  OF  TU£  COMPASS. 

IT  waH  many  years  after  tlie  discovery  of  tlie  coinpaas,  before  it  uas  isu^" 
pected  that  the  magnetic  needle  did  not  point  accurately  to  the  north 
fiole  of  the  world  ;  hut  about  tf)e  middle  of  the  sixteenth  century,  observa- 
tions were  made  in  England  ;oitl  France,  which  fully  proved  that  the  needle 
pointed  to  the  eastward  of  the  true  nrnth.  This  diUcrence  ise.illed  the  tv- 
rlation  of  Uu  compass^  and  is  named  cast  when  Uie  nortli  point  of  the  com- 
pasa  (or  magnetic  north)  is  to  the  eastward  of  ^e  true  north ;  but  we»t  when 
the  north  pmnt  of  0>c  compass  is  to  the  '  stward  of  the  true  north.  The 
quantity  of  the  variation  may  he  found  hy  o!t«prviiij;  Avith  n  compass  the 
beariri;^  of  any  ci  U  stial  ol)ject  when  in  tlie  horizon  (or,  a;?  it  is  calird,  the 
vtagmlic  amjilituuk)  tJieciifterence  between  thisi  and  tlie  true  ampUtude  found 
by  calculation,  will  be  the  variation.  The  same  may  fce  obtained  by  obserr- 

•  InflM  pmeM  cuimplr,  ilie  tlmv  bOef.  lO,  at).  2V.  A.  BL  wbicb  eviUeoUy  wwU  8b.  iSi*^  of  Uw  «tA 
lif  tbc     d|y  Oei  iq^  for  whkli  ilcw  Iht  dfcUacA^ 
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V  ACTION  OF  THE  COMPASS. 


iug  lilt'  HUii^mtic  azimuth  of  any  crlrstial  olijr<-t  (that  is,  its  bearinj^  by  a 
compass  when  «;lcvatcd  above  Uh;  horizon  ;)  the  diflerence  between  this  and 
the  true  azimuth  found  by  calculation  will  be  the  variation. 

Some  years  after  the  discovery  of  the  variation,  it  was  found  that  it  did 
not  remain  roji-^tant  :  for  the  <  asit  rly  varintioji  fihservini  in  Kn;ilantl  ;cradually 
decreased  till  Ihe  needle  pointed  to  the  true  north,  and  then  mcreased  to  thii 
westward,  and  is  now  above  two  points. 

As  all  the  courses  steered  by  a  compass  must  be  corrected  for  tiie  varia- 
tion  to  obtain  tlie  true  course?,  i!  of  great  importance  to  tiie  navigator  to 
know  liow  to  find  tlie  variational  any  lime  ;  to  do  this  it  is  necessary  to  lind 
the  magnetic  ampUtude  or  azimutli  of  a  ccletstial  object,  which  may  be  dune 
as  follows : 

To  oftseme  an  amplUude     cm  admuth  eomjma,* 

When  the  centre  of  the  sun  is  about  one  of  his  diametersf  above  tJie  hori" 
«on,  turn  the  compass  round  in  the  box,  until  the  centre  of  the  sun  Is  seen 
through  the  narrow  ^lif  wljicli  is  in  on<'  of  the  ^';::1it  vanes,  exactly  on  the 
thr'ad  which  hi-^ecls  the  slil  in  Ihe  oilier  :t  at  ih.il  instant  push  the  stop 
wiii<-h  is  in  the  side  of  tlie  box  against  the  cdg»;  of  the  card,  and  the  degree 
and  parts  of  a  degree  which  stand  against  the  middle  line  on  the  top  will  be 
the  magnetic  amplitude  of  the  sun  at  that  time,  which  is  generally  reckoned 
from  the  east  or  west  point  of  the  compass. 

STo  observe  an  az'unulh  hy  an  azimuth  comjiaSii. 

Turn  the  compass  round  in  the  box  until  the  centre  of  the  sun  U  serii 
through  the  narrow  sht  wliich  is  in  one  of  the  sijrht  vanes,  exactly  on  the 
thread  which  bisects  the  slit  on  tiie  other,  or  until  tlie  shadow  of  the  thread 
falls  directly  along  the  line  of  the  horizontal  har,:t  the  card  is  then  to  be 
stopped,  and  the  degree  and  parts  of  a  degree  which  stand  against  the  mid> 
die  line  of  the  stop,  will  be  tin-  magnetic  azirniitli  (if  flu'  sun  at  llial  time, 
A\h!<  h  is  grtuTally  rerkom-d  fmni  thr  north  in  nortli  latitude,  and  from  the 
fjOUth  in  south  latitude. §  At  the  lime  of  luakiug  this  obser\ation,  you  muaL 
also  observe  the  altitude  of  the  sun,  in  order  to  obtain  the  true  azimuth. 

What  is  here  said  of  the  sun,  is  aUke  applicable  to  the  moon,  planets,  and 

•StfTSj 

TO  FIND  THE  TRUE  AMPUTUDE. 
RULE. 

Br  l.0OAKlTHM8.«-3\>  thelog^ant  of  the  latitude  (reject ins  10  in  tlu  it^ 
flrrjaddthe  hi^.  sine  of  the  sun's  declination  ;\\  the  sum  vfM  be  Ste  hg.  9til€  of 
the  true  amplituih  or  distancf  nf  the  sun  from  the  east  or  went  pointy  touwds 
thf  north  in  north  iterlin'ilion,  hut  to\rnrili<  thr  south  in  south  dirlintilion. 
^  By  inspection. — Find  the  declination  ai  the  top  of  Table  I  II.  and  the  la- 
titude in  the  side  eolumn  t  under  the  former^  and  opposUt  Ifte  hlter,  will  be  thi 
jrue  ampUtude,  "When  great  accuracy  b  required,  you  may  proportion  for 
the  minutes  of  latitude  and  declination. 


•  Thr  fiijarr  of  An  ftzimulli  rnmiMss  furnished  w  ilit  sight  v.u:r-,  h  ■^]\(n  in  Plate  VI.  fi^-. Tliecaiit 
of  tfti^  i--  -iiiiilrir  If)  ;1ihI  of  n  common  roiiin.'iss 

I  Tli«.  uliM  i  knOon  is  lo  bp  t,»!.ea  »t  that  aliitiMie  un  nrcuuBt  of  the  •lip,  rKraction  and  iwr.tn.*^, 
Die  con  iTtiuii  of  altitiiilc  Ue|h  luUii:'  on  ilios''  c.iiiM  f  l.<  iti>^'  in  ^merai  nturljr  e<(Hal  to  th^ tua't  utBini't(.  i . 

X  If  the  iactninirot »  fufDi^lied  a  inri^'niiving  ghss  (mvd  lo  oncof  the  van<>*,  ym  omy  (inalcad  of 
pruccedlnp  m  above)  Mm  Ibc  (-t)!ri()n<»lM)x  uiitfl  toe  vane  U  directed  towards  (lie  tun,  mm  when  lira 
hrigbt  spMk  (or  nyt  of  dw  sun  otllectcd  by  tlw  iimkii1i>  inc  ^^Un)  (M»  upon  Uie  lUi  of  the  other  vane, 
or  upon  Uie  Uae  la  tbc  horHuMMal  liar,  the  cent  is  to  be  stopped,  andthe  (Hvbtoas  read  oflT  as  above. 

^  If  lha  tampH»  vibmie  eonstrterablj^  at  the  time  of  mnkiic  the  oli$f>rrn(luD!(.  it  would  t?<*  condhirlve 
to  aceorttry  lo  lake  sevenl  asiniuthfl  aud  alUtodea,  nnd  to  take  tlie  ini*-ao  of  uU  ttie  aKlnnitbs  and  all  the 
aliHude^  and  work  the  observation  with  the  mean  aziisuib  and  aRitaide.  Tbe  lanie  Is  to  be  obMrveii  iu 
takme  an  amplitude. 

R  Thedecliiiaiiun  of  the  «in  ni  noon  t-  ;'><  i)  in  ll)e  X.nuic  d  Alniaiwr,  and  in  T.iMc  IV.  tad  SWSt  ba 
CocKCtrd  for  tbc  lonjjittidc  of  t'u*  sluji  tmu  Uie  licur  of  llic  Uhj .  I;j  mwoi  of  TaUk  V. 


V  ARIATION  Oi  TUt:  CQJVJPASS.  113 

'exampij:  I. 

Itequired  tlio  sun's  true  nmpUtudtt  at  rising*  io  the  latitude  of  dd^  0'  X*  on 
liie  did  of  December,  1 8  iU  / 

BY  LOGARITHMS.  RV  INSPFXTION. 

Latitude  ..39^  0'  lo-^.  sec.   O.l09a0.    UnUcr  the  dccUiiation  23-^ ami  oppo* 

Sua*!  Min. .83  98  lug.  sine  9.MlS)r(itfi  (be  latitude  39^'  ataitda  the  true  awpli- 

  ude  30-  4% 

Tnietmpli  .  30  49  log.  aiiie  9.70%-. 

!f<'iic<>  rhf>  ti  ne  Ix  ann!!;  or  amplitude  of  the  »uu  at  rinitig  is  K.  dO^  49'  S* 
and  at  selling  il  is  \V.  30^  •*»'  S. 

EXAMPLE  W. 

Required  tlic  moon's  true  amplitude  at  setting,  iu  tlu*  latitude  of  2'  N. 
vrhea  her  decstitiation  ia  1    N.  ?  * 

BT  LOGARITHMS.  !  BY  mSPECTION. 

T.'atitudc   35**    8'  loj.  sec.    ft.n'^734|    Un  L  r  Uir  tirclination  13  ,  luid  opposifp 

the  luLilude  35-^  stands  ITi-'  5b',  which 
nearly  the  true  amplitude ;  the  exact  value . 
may  be  found  by  Tindin;;  the  aropHttjiN  for 
.16''  latitude,  an  l  f)r<'|ifM  (i«tniiiT  the  difler> 
'■Mce  for  the  miles  in  tac  liititutU  . 


Moon's  decliiu  13    0   log.  sine  9.35209 


Tf|»oamplL  ••.13  £9   lof.  aloe  9.43943 


Hence  the  true  amplitude  at  selling  is  W.       ^8'  ^'ortli,  and  at  riuiog  E. 

KXAMPLi:  III. 

Re(|uired  the  suti's  true  amplitude  in  the  latitude  of  40?  80'  N.  wlicn  his 
dcclinatioo  was  20^  N.  ? 

BV  LOGARITHMS.  BY  INSPECTION. 

|;Atitudc  42^  30'  log.  sec.    0.13237    Under  the  declination  20  uiu!  o|)|)u«itc 

SiiQ'adcclin.  ...90  N.  log.  sine  9.33406 the  latitudes  4^^  and  43^  stand  27  24' 


Tnwampll  ....97  3S  log.  sine  9.66b42 


and  27^^53';  the  mean  of  these  gives  tlic 
true  amplitude  for  the  latitude  of  49^  W'^m 

=27-  3rt'. 


Hence  the  amplitude  at  setting  is  W.  27^  38'  N.  and  at  risiu;;  £.  27^  38' 
JVorlh. 

To  fiiid  tht  true  azimuth  at  any  time* 

At  the  tame  of  observing  Uie  magnetic  azimiith,  you  must  also  observe  the 
altitude  of  the  ohject;  this  allitude  niuiit  be  corri-rted  as  usual  for  the  dip, 
jmrallax,  n-frnetion.*  £cr.  irj  ttnhr  to  olit.iiu  thr  trtU'  rtltifiMl*';  yrm  mu!-t 
.-»Iso  find  the  drclinalii)ji  c»f  th;*  uhji'e.t.f  and  t!ie  Inlitiidr  of  lh«-  place  uf  obser- 
vation, and  then  the  true  a/.inuilh  may  be  caleulaled  by  thetoUuwing 

Rule.  Add  together  the  polar  di6tafice,t  the  latitude,  and  the  true  altJ- 
ti;df.  take  the  difference  between  the  half  «iim  anil  the  polar  distance,  and 
)ii»t»-  the  remainder.  TIicii  add  tff^ethi'r  tin-  loj:.  soeaiit  of  tin*  latifinhs  the 
log.  secaiit  of  tin-  allitude  (rejecting  10  in  each  index)  the  Uv^.  eo-sim-  of  the 
half  sum,  and  the  log.  co-sine  of  the  remainder;  haif  tiic  sum  uf  th«-.>5e  four 
lop;aritbms  will  be  the  log.  co>sine  of  half  the  true  azimuth,  which  brinj^dou^ 
bled  will  ^ive  the  true  axitnuth.  reckoned  fM>m  the  north  iu  north  latitude, 
but  from  the  soutli  in  soutli  latitude. 


*  In  «l»<4TTat'n>n»  of  Jh:*  nltiM<le  i»f  ilic  mu)'»  lower  liiiih  (liy  a  f.ir^-uS'  n  .  t  i  i  it  i    umi..!  i.i  .nid 
fur  tin-  vtTvrt  of  fliji,  |iHr.ili«x,  aiiU  ivini-tlMtiifter.  TUc  reiVuctiDii  is  in  l>o  mh  u  i.  i  A  iiwiu  U»e  »uni,anU 
the  rriiiainiliT  will  be  the  (rde  aHftOiie  nntrly. 

t  Tiie  iliMfiofiliun  i»  to  lie  foaml aceordiiig  Iu  Ibe <JirecUon»  in      nutc,  in  il.*  biM  pn{r'. 

{  riM>  poliir  (lioaiKC  uf  the  tun,  moon,  or  »tiir.  b  tbe  (il»l.incr  tram  tlie  «l<  v»ii>(l  pnbi,  «ad  Is  fimnd 
MUiinK-iin;;  the  drt  Umtkm  of  Uw  ol^ci  ftmn  90*,  when  tlic  boiiuile  aiiU  dccluiatioo  are  of  the  Mime 
aam^,  tmi  by  ai'iintg  to  V^vhen  of  oltamK  Mtnet. 

11 
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VARIATION!  OF  TOE  COMPASjk 


EXAMPLE  I. 

In  latidjJ*'  ',1^  r,2'  N.  the  sun's  truo  altitude  was  found  to  be  39^  $8',  his  * 
declination  bring  then  16^  6'd'  N. — required  tlie  true  azimuth? 


22' 

22 

Remainder  8  49   co^sinb  n*^AS\ 


S)19.4469S 

Ualf«imk«.^co-sine     58^  4'  9iWil 

S 


Thie  Atimnih  116    8  41rotn  tlie  north. 

ThiB  logarithm  9.72347  of  this  rxample  is  also  tho  co-sine  of  121^ 
■ivblch  dbuhlfd  pjivpB  another  azimuth  ilS*^  5si',  the  former  l>einp;  110'^}?'. 
One  of  these  corresponds  to  an  observation  in  tlic  forenoon,  the  other  to  ait 
nftenioon  obBcmtkm. 

EXAMPLE  n. 

fn  latitudd       16'  S.  the  sun's  true  altitude  was  found  to  be  18^  40^  hii 
declination  being  then  7^  38'  N. — required  Uie  true  aiimutb? 
Polar  distance....;....  97^  3S' 

LaUtude....*  42   16    anant  ..0.13076 

Alfilaie..».i  18  40    ■ecant  iO.OS347 


34 

1 

U?»1f  J'uin  

..  79 

17 

• 

38 

81 

Half  amn  Iq^.  co-ttnC 

59 

53 
8 

9.70048 

1 

46 

• 

llnmi  tibe  MMtll; 

QUESTIONS  TO  EXERCISE  THE  LEARNER. 


Qvfstiqn  I.    flivcn  tlir  siui's  nUitudp  rom  cted  for  clip,  refraction,  S:c.  -20   JC ,  bis  J<;' 
cUnation  17^  lO'  S.  and  the  latitude  of  the  place  4U^'  3b'  N.  Required  tbe  true  azimuUi  r 
Jttttotr,   IST^  SO'  from  tihe  north. 

(luetfUm  II.    WInft  if  the  sun's  kximutli  in  (be  latittidc  of  26^  30'  N.  in  the  foreaoon, 
wbpn  Vin  correct  central  nltittidc  is  24^  SS'  and  hU  dedioation  28^.40^  N.7 
^§iuwrr.  7a^  44f  from  the  north. 

Qt^(i<m  III.  AtllieMaiidorstHclenatliemB*8tfwceoirilftltitaideirasfbQndtobe 
S|P  #  ia  the  fomiooo,  hbdedia>tionheiiigth»88QsyS.ReqaiwdthmirMth  at  thai 

mtt 

'  Jhumtr.   TS^SKfirom  the  south. 

^untim  IV.  \Miat  point  of  the  compass  did  the  star  Aldcbaran  bear  on,  in  the  lati- 
tude of  34-  23  S.  on  .Innunry  I,  1804,  when  the  correct  altitude  of  that  star  was  88"' 86^  ? 

Jh%S\Dtr.    130   It)'  from  tlic  south. 

Havins  the  true.  7iinfriu  lic  timj/liludc  or  nzimuth,  to  find  the  variation. 

Having  found  the  true  and  magnetic  am{ditude  or  azimuth,  tlic  variation 
filay  be  easily  deduced  therefrom  by  the  following  rule,  in  which' the  am- 
plitude is  reckoned  from  the  east  or  west  point  of  the  horizon,  and  is  called 
north  when  to  the  northward  of  those  points,  but  south  vrhen  to  the  noiith^ 
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VARUTIQN  OF  THE  COAlPA^iS.  ip 

i^  acd.  The  azimuth  is  reckoned Drom  the  north  in  north  latitud«;s,  but  froru 
thfi  snwih  in  south  latitinlfs,  and  is  named  oast  nlu  ii  faHinj;  on  the  east  sid«: 
of  the  meridian,  otlien%ise  \ve»t.  If  titc  observed  aiul  true  umplitueUs  be  both 
norih  or  ho  A  mmtk,  their  difference  will  he  variation;  hut  \f  one  he  tmrth 
mid  the  other  souths  their  sum  uiil  be  the  variation.  If  the  true  and  ohsMrvtA 
azimuths  hf  Imth  taM  or  fxith  ivfst,  thrir  dijftrence  wilt  hr  the  i^riation^  other* 
tcise  their  sum :  and  thf  variation  icilt  bt  insffrly  vhtn  the  point  representini:^ 
the  true  bearing  is  to  the  right  hand  of  the  m  'mt,  rejprtstntin^  the  nuiyrnttic  bear- 
itfg^  btU  wetknig  taken  io  3ke  left  hatul ;  Am  afcitrwr  heing  supy^sed  to  look  dh 
reeUy  iawardi  Oo  fohst  rtfrnaUmf^  the  magmik  tearing. 

EXAMPLE  I. 

Siipposp  thp  sun's  maj^rlir  amplitude  at  risings  is  E.  f6®  It'  jBl|»  ao}l  ihi$ 
true  amplitude  £.  14"^  'iO'  N.    U<'(jtiir*  tl       \  ariation/ 

From  the  greater  E.  26^  12'  N. 
IVdKthtfiNKr     E.  14  to  K. 


vtriatSoii.     11   9t  E. 

The  variation  in  this  example  is  easterlj,  beeause  the  true  amplitude  falb 

(O  the  right  of  the  ma«;netic. 


EXAMPLE  II. 

The  moon's  true  luiiplitude  al  rising; 
was  found  to  be  E.  15^  tO^  N.  and  iier 
fDai^notic  amplitude  E.  8.  Re- 

tired the  vuriatioo? 

True  amplitude  E.  15°  20'  N. 

Magnetic  amplitude  ....E.  10  OS. 

The  mm  if  the  wrialion  ...35  20  W. 

SXABfPLE  IV. 
The  star  Aldebanui  was  obserred  at 

vWin^  to  bear  by  compass  E.  N.  E. 
t>  hen  thetrup  amplittide  was  N.  fi,  by 
E> — ^Required  the  variation  ? 

Tnieaa9.N.ltebjB.or  E.  33^  45^  N. 

Mag.aaip.E.N.B.  erS.    22  30  N. 


KX AMPLE  HI. 
Tlu*  sun's  true  azimuth  l>»*ing  IV. 
80^  E.  and  his  magnetic  azimuth  N. 
60^  B.  H  is  reqiured  to  find  the  vaiia 

tion  ? 

Tnic  azimulh  N.  SO"  F. 

lila^nctic  azimuUi  N.  60  K- 

I    Difl*.  i/i  the  variation  ."/'^^ 

EXAMPLE  V. 
The  true  amplitude  of  theiplaiiH 

Jupiter  was  E.  10^  N»  when  his  mo^ 
iiftic  amplitude  was  E.  tQ®  S*— Rfc- 
ijuired  thf  variation? 

True  amplitude  £.  10-^  N. 

  Msgnette  inpUtude  E.  SO  S. 

Diflbeiieabtbefarktion..ll  U  W.    Sumitnmttioo....  30  W. 

To  ealaila/9  fhe  wariaHon  hy  observing  Ae  sun's  autmOh  when  aie^oUUitiii 

in  the  foreman  and  afternoon. 

The  yarialion  of  the  compass  mnj  also  drt«*rmined  by  nlisi  rvinp;  the 
magnetic  azimutlis  of  the  sun  in  the  morning  and  eveninc  whm  at  the  same 
altitade,  the  observer  being  suuposed  to  he  at  the  same  place  at  both  observu- 
iions  ;  for  it  is  evideot  that  if  tile  declmatioii  of  the  sun  did  not  vary  during; 
the  time  elapsed  between  the  observations,  the  middle,  point  of  tho  compass 
lietween  the  two  bearings  would  be  the  hearin-;  of  the  true  north  or  south 
point  of  the  hori:&on,at  the  place  of  observation,  and  the  dilTerenee  between 
thatbearin^andthe  north  or  south  point  of  the  compass  would  be  the  variation. 

lotbis  kmd  of  observations  it  will  be  convenient  ahvays  to  estimate  the 
niapjnetic  azimuths  from  th«*  !ioiith  point  of  the  compass,  calling  them  east 
or  west,  as  before  directed,  and  this  nu  lhod  is  supposed  to  he  made  ttsc  of 
in  the  foUowing  rule.  Then,  if  one  azimuUi  be  east  and  the  otlu  r  west,  half 
their  difference  will  be  the  variatfon,  otherwise  their  half  sum,  and  the  vana- 
tron  wdl  be  of  the  same  name  as  their  greater  a/imutli,  excepting,  howc««c 
where  the  half  sum  in  taken  and  exceeds  90'^,  in  which  case  its  supplement 
w  ill  be  the  \arialion  of  a  different  name  from  the  azimuth.  The  variatiOB 
Being  always  supposed  less  than  90^. 

If  the  decfination  of  the  sun  raries  durins  the  elapsed  time  between  the 
observations,  (as  b  generally  the  case)  an  allowance  may  be  made  for  that 
variation  hy  applying  a  coTMction  to  the  afternoon  azimuth,  ealcolated  by 
the  following  rule.* 


•  The  nAglnii  bnoAor  Mho*<«  •Com^SMgm^  If  1 
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1 16  VARIATION  OF  THE  COMPA9S. 

Rt  f.K.  Find  from  Ta!»Ir  IV.  the  daiU*  variation  of  thf  stm's  dt  rlination 
on  Ihcdav  of  ol)s»Tvation.  Tlifii  lo  the  constant  lo^arifhw  0  1  .'  JO  add  the  lug. 
rn-sine  of  tht  latitude  of  the  iilact^  tlie  log.  sine  carresjwndiiig  to  the  elapsed 
Urn  bttwem  the  ^memUhns  fmtnd  in  the  eohmn  P,  M,  the  Prop.  Log.  of 
the  daily  tmiation  of  ih€  mini's  deelination,  and  the  Prop.  Lug,  pf  the  ehipsid 
time*,  est!})wt!niz  hours  and  minutes  as  minutes  and  seconds,  the  fvm,  rejectins^ 
•SO  in  Ihr  inder,  leill  he  the  Prop.  //Off.  (f  the  rnrrertion  to  he  trjtpHed  to  the 
ufstern  azimuth^  bu  subtracting  ichtn  the  sun  is  approaching  towards  the  north* 
em  hemispiheTe,  otherwiie  %  adding.^  The  autnuth  thus  corrected  is  to  be 
11 ->  d  in  estimating  the  variation  instead  of  the  obsen'ed  azimuth. 

ll  is  not  n<*crssary  in  this  calrulation  to  Hnd  thf  lalitiide  or  dfclinntion  to 
any  {irf.it  »l«'jcnM*  of  acrtiracy,  which  is  \\\v  jjreatfst  adv .ullage  of  the  nn'- 
litod;  another  of  the  advanta;;es  con^atsin  heing  ahle  to  take  a  great  num- 
ber of  obsenrations,  and  appi)  ing  the  correction  at  one  operation  to  the  va* 
riation  deduced  from  the  mean  of  all  the  obserrations,  so  that,  when  great 
:irrnracy  is  r(M)nired,  .is  in  takinjj  ohservations  ashore,  this  method  may  he 
used  w  ith  suet  ess;  and  it  is  evident  tiiat  it  is  alike  appUeable  to  the  moon 
or  any  heavenly  body,  but  th(^  observadons  must  be  taken  iu  the  same  place, 
as  it  would  increuM  the  calculation  considerably,  to  make  an  allowance  lor 
the  change  of  place,  as  well  for  the  change  of  declination;  and  it  would  be 
ht  tter  in  tliis  cLse  to  caJculate  each  observation  separately  by  the  rules  }»e- 
j«.re  given. 

EXAMPLE. 

Suppose  that  on  the  10th  of  April,  1820,  in  the  latitude  of  420  {9^ ff.  ioi>^. 
r>0O  \V.  the        morning  aximuth  was  obserred  to  be  S.  54^  24'  E.  and  10 

the  evenms,  ^\hvx\  tho  snn  was  M  the  same  altitude,  was  S.  .SO'^  4G' W.  the 
elap.sed  Ume  between  the  observations  being  Gh.  £0m.— Kcquired  the  varia- 
tion? • 

ConsUnt  logarithm  ').1349 

lAtttiide  4#  Vf  eo-aine  9.8677 

i. lapsed  tiiiu  f)1:.  20in.    Sine....  ••••••••••9.^<B 

Daily  variation  of  declination  22'  P.  L  912^ 

r.Iapted  time  6h.  SOm.  taken  as  ^  30"  P.  L.  1.4636 

''••IT.  ^^c^tcrn  nzinuith  IT  nearly  P.  L.  •••••••••••1,8866 

Weslcru  azimuth  S.  V)  -ib  W. 

Corrected  azimuth  S.  39  W. 
Morning  azimuth      54  24  £. 

DiflVrc  ncc  14  49      Tbo  half  of  uhicb  7^  24'  is  die  Taiiation, 

ikkicb  is  easterly»  because  Ibe  greater  azimuth  S.  54*^  24'  £.  ia  easterly. 

The  variation,  tlius  found,  is  -to  be  allowed  on  all  courses  steered  by  the 

rninpasij  to  obtain  the  true  courses.  To  make  this  allowance,  you  nuisi 
look  towards  tl)e  point  of  the  eonij)n=s  the  hhip  is  sailing  upon,  and  allow  ihe 
variation  from  it  tnuards  the  riirht  hand,  if  the  variation  be  east,  but  to  thf. 
left  luutdi  if  the  variation  ht  mst.  Thus,  if  a  ship  steer  S.  E.  with  one  point 
westerly  variation,  the  true  course  wlH  be  S.  £•  by  £•  If  the  variatiOD  is 
one  point  easterly,  the  course  will  be  S.  £.  by  S. 

In  tlie  foIlov^in^  Table  are  collected  a  ft-w  observations  of  the  variatioOt 
made  at  diflercnt  times,  and  in  different  places. 


•  TItc  clapped  time  nir.y  l>e  dclcrmiiKHl  l>y  any  tomnion  wnlrh,  but  if  none        u*ed  hi  the  ol»«*'rv«» 
it  may  I*  dcu  nniiifd  us  .«.    If  nt»c  of  ihe  ()l>>tf'r\od  arinnittit  Mns  e«*t  ami  Iht  ollic r  \«rft, 

Uike  half  tbeir  sum,  otlier«^Uc  bnlf  tbeir  diflcmin-,  mid  10  ilir  kf:.  sine  of  thlt.  half  huu  (or  halfdlifef* 
coce)  Mdd  tbc  \vs.  secoQl  of  the  tun's  drclioation,  nml  Uie  U^.  co-Mne  of  die  i»un'«  ciirrect  altitude  al  Um 
iIbw  of  lakioe  (lie  aziiiMitb.  tiic  nim  (reicctinr  20  la  tiw  laidm)  will  be  Ike  log.  «tiie  lo  tie  me4  hi  tin 
abofecekolaUoD,  aod  Uib  bfarithn  wfll corfMpood  to  Ibe ditpeed  llia%  Milwd  lallttceliiaM  P.M. 

t  111  Otk  rale  It  U  tuiipoMd  that  (he  f>pnriii^  uf  the  fcun,  by  the  aftnmoon  obsfrradoB,  It  to  tbe  m-rtu 
Wtftlofthe  merkllan  bycoiDjiau;  but  if  tbcrrhea  grrntTarlatlon,thRtbenr^{rmi(rhtbe  tntt>e  .^sty^ird 
joi  Ilia  meridian  by  the  eomiieM,  nod  in  that  cam  cmrcciiun  of  the  «citern  a/jmuih  luu&t  U-  apyUiiHl 
lu^coattaryn^MMnr  to  tl»  above  diredloift 
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II 


Latitude. 

Loositttde 

WB  ■ 

•  I'rrf  nv.irh. 

\  car  of 
Obser- 

vT>tinn. 

Varinlinri 

71" 

W  W, 

1708 

ja  a 

9^ 

O'W. 

1742 

u 

o 

0 

W. 

1767 

1 

2U 

w. 

1761 

1 

14 

w. 

1763 

1 

0 

\\\ 

1782 

6 

46 

\v. 

Boston. 

42 

23 

N. 

71 

4  W . 

1 742 

A 

9 

0 

^v. 

R<-ver|v  ftonm.) 

12 

36 

N. 

1781 

a  •  v  a 

1 

2 

w. 

42 

33 

N. 

70 

ur 

as  W. 

1805 

5 

57 

w. 

20 

w. 

,51 

31 

W. 

'a 
Q 

1500 

11 

15 

B. 

167'» 

2 

30 

\v. 

1780 

zz 

41 

vv. 

Paris. 

48 

50 

N. 
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1^  VARIATION  OF  THE  COMPASS. 


By  the  preceding  table  it  appears  that  the  variation  at  Cambridpre,  in  lh> 
.  state  of  Massachusetts,  is  decreasing  at  the  rate  of  abuut  1^  minutes  prj: 
year,  and  by  late  observations  at  Satemi,  the  jiee«}le  there  ap|>ears  to  be  stiU 
'  approaching  towards  the  true  meridian.  At  London  and  Paris  the  variation 
formerly  increased  10  or  11  miniitrs  per  year,  but  by  some  late  observations 
made  in  London,  it  a])pears  to  be  nearly  st^itiooary*  Off  the  Cape  of  Good 
Hope  the  annual  increase  is  about  7  minutes.  • 

Besides  this  annual  change  of  the  variation,  there  is  ako  a  smaO  ^dmnmi 
cIianKo,  which  at  London,  Paris  and  Cambridge  (Mass.)  is  from  l(f  to  15'. 
By  Uiis  quantity  th(?  alnolnti'  variation  at  those  places  increases  ft'om  about 
8  A.  M.  to  si  p.  M.  whi-ii  iIm'  iM'rdN'  becomes  stationary  for  some  time  ;  af- 
ter Uiat,  the  variation  decreases,  and  tixe  needle  comes  back  again  to  its  for> 
mer  situation,  or  nearly  so,  in  the  night  or  by  the  next  morning. 

la  addition  to  the  observations  contained  in  the  preceding  table,  it  may 
he  observed,  that  the  variation  which  (at  prosfiit)  is  ]v*^s  than  ^  point  Vi, 
iK-ar  Ca|)t'  Cod,  decn'asfs  in  ^oin;;  to  th»'  wrst^N aid  along  the  coast  of  thrt 
Utiited  States  of  America, .so  tlmt  near  Cape  liatleras  it  is  scarcely  seasi- 
de, and  fitrther  to  the  westward  becomes  easterly.  In  the  leeward  West 
/fndia  islands  it  is  about  |  point  E.  and  in  the  windward  islinds  i  point  Ef 
Along  the  northern  shore  of  th**  Bra/lls  there  is  a  i:mall  easterly  variation 
which  decreases  in  proceeding  to  the  eastward  towards  Cape  Kt)que,  where 
it  is  scarcely  sensible;  in  proceedii^  farllier  to  tlie  southward  along  tlie 
coast  of  America,  the  easteriy  variafNin  increases  so  as  to  be  above  £  points 
K.  near  Cape  Horn,  and  from  thence  gradually  decreases  along  tike  coast  of 
Chili  and  PtTU,  so  as  to  be  about  ^  point  E.  under  the  equator  near  Quito ; 
but  in  proceeding  to  Uie  nortlnvard  toward  the  N.  W.  coast  of  America,  the 
easteriy  variation  increases  to  more  than  2  points. 

On  the  contrary  in  proceeding  to  the  eastward  of  the  United  States  of 
America,  the  westerly  variation  increases,  being  nearly  I  point  W.  a  little 
to  the  eastward  of  Cape  Sable  (Nova  Scotia)  and  about  2  points  W.  on  the 
K.  part  of  Newfoundland,  and  at  the  Western  Islands.  At  the  Orkney 
islands  it  is  Sth  pomts  westerly  and  is  neariy  the  wuub  in  the  English  Chan- 
ttel,  and  on  the  coasts  of  England,  Scotland  and  Irdand.  On  the  coast  of 
Holland,  it  is  from  2  to  £i  points  AV.  In  the  Catt»';;at  and  Sound  about 
1^  points  W.  In  the  Western  part  of  the  Baltic  about  IS  points.  At 
the  entrance  of  the  Gulf  of  Finland  1  pouit  W.  In  the  Bay  of  Biscay 
about  f|  pointo  W.  Near  Cape  8t.Tuieents  S  pomts  W.  In  the  Medi* 
terranean  from  li  to  1}  points  W.  Near  Cape  Verd  {Africa)  H  points 
W.  and  from  thence  gradually  increases  along  the  western  shore  of  Afric'i 
towards  the  Cape  of  Good  Hopf,  and  is  there  above  "2  points  W.  and  from 
thence  increases  towards  Cape  Lagulhis  and  a  little  to  tlie  eastward  to 
points  or  S|  points  W.  and  then  decreases  in  proceeding  along  the  eatlem 
shore  of  Africa,  and  is  about  1  j)oint  w  esterly  at  the  entrance  of  the  Red  8eaf 
In  the  Arabian  Sea,  Bay  of  Bengal,  Jav.»  S»'a,  China  Sea,  and  off  thn  roast 
of  Sumatra,  it  is  very  small,  and  on  the  S.  I^.  part  of  New  Holland  is  about 
^  point  E. 

Ships  sailing  for  India  generally  cross  the  equator  between  ttie  longitudes 
u/  island  iil"  west.   The  variation  at  the  latter  place  was  about  8^  48' W. 

In  the  year  I'O.^,  [  hnvr  foinid  by  n-poatod  observations,  and  ihv  annual 
increase  is  about  t.  ininutr^.  If,  in  rro»bing  the  equator,  you  shoul<l  find  a 
greater  variation,  you  would  probably  be  to  tlie  eastward  of  24^  W.  but  if 
lessi  to  the  westward  of  iif^  \V,  The  alteration  in  the  lon|^tttde  is  in  (hat 
^lace  about  ^  degrees  for  1  degree  of  variation.  But  there  is  always  a  great 
Uncertainty  attending  this  kind  of  observations,  made  with  a  common  com- 
pass, sin(^  it  is  not  uncommon  to  find  £  or  ii  degrees  dill'erence  between  an 
azimuth  in  the  morning  and  evening,  when  the  ship  during  that  time  has  been 
nearly  stationary ;  the  same  difference  will  sometimes  be  found  merely  from 
mnkiug  the  obs«'rvati«Mi  whrn  the  ship  is  on  a  difTrrent  tack.  This  is  owing 
to  the  iron  in  the  ship  wliich  attracts  the  compass  by  a  force  which  is  gew- 
ri>l{y  situated  in  a  point  ne^^r  the  centre  of  the  ship.    W^hcn  tlUs  point  ^nd 
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ihe.  com)>ai<H  are  In  the imgMlie  meridian  of  the  compass,  the  true  variation  Fs 

oht;iin»'d,  hut  as  soon  the  position  of  the  ship  is  rhanp'd  «o  n<  to  bring  this 
point  to  the  »'aj^luani  or  %vrst\vanl  of  tin-  ma?;"*'^'*'  nuridian  passing  tlirough 
the  compass,  a  corrf'sponding  chaup:i*  or  obbcrvation  in  the  variation  to  the  east- 
Ward  or  westward  is  trnmcdiatteiy  perceived.  Thia  deviatkm  aometfanes 
amounted  to  80  or  90  in  the  survf*}^  of  New  Holland.  This  has  since  been 
ronfirmrd  by  various  ob«?f>rvntion«  in  dilT*  n-nt  places,  parlinilarty  in  the  voyages 
towards  the  north  pole  lately  nia<l<'  I))  order  of  the  Kn;;lish  government.  The 
method  which  was  at  ftrst  used  to  correct  this  error,  which  is  sometimea  of  ooo- 
ildinible  hnportanee  In  nautical  surveys,  where  great  accuracy  is  required, 
rrtm  to  piaffe  the  comjmss  aluHtys  in  the  tame  part  of  the  tkip,  and  to  (ind  l»y  aetual 
observation,  the  u;reat«'st  devTation  arising  from  this  local  attraction,  which  is 
when  the  ship's  l>ead  is  directed  east  or  west.  The  deviation  when  the  vhip^ 
head  is  in  any  other  direction,  is  found  by  entering  Tahle  I.  or  l^ble  II.  in 
the  page  corresponding  to  that  direction  as  a  course,  and  with  that  greatest 
irrror  in  minutes  in  the,  distance  column,  the  corresponding  number  in  tlie 
departure  column  will  be  tb*-  re<piired  correction  nearly.  Thus  if  the  devia- 
tion was  iP  ii'  or  UU'  when  the  ship's  head  was  directed  towards  the  east,  the 
deviation  when  in  the  direction  of  one  point  from  the  meridian,  (that  is 
N.  by  R.  by  W.  8.  by  B.  or  8.  by  w.)  would  be  found  by  entering  Ta-  , 
hie  I.  in  the  page  for  otn*  point,  or  with  the  distance  liC,  the  corre«?pondinp: 
departure  ti5'  would  be  the  correction  to  be  applied  on  all  bearings  taken  b\ 
the  compass  when  in  that  situation.  Mr.  Barlow  has  invented  a  method  of 
corteetiBg  thi^  error,  malring  use  of  a  curious  property  of  the  attractive  Ibroe 
of  iron  on  the  compass,  it  having  been  found  that  this  force  depends  on  die 
attrar  f  nv  nurfnce,  arxl  not  whoHy  on  the  quantity  of  iron  ;  so  that  a  solid  ghhf 
of  iron  SO  inches  in  diamctc^r,  would  affect  the  compass  exactly  in  the  same 
manner  as  a  hollow  shetl  of  iron  of  the  same  diameter  made  of  sheet  iron  onl^ 
one  tenth  of  an  inch  in  tblcknesSf  though  this  shell  could  not  cbntain  hot  ane 
hvndndlh  part  the  qnadtftr  of  iron  which  the  p;lobe  does.  Mr.  Bariow  there- 
fore proposed  to  have  a  sheet  of  iron  placed  alf.d't  the  compass  of  such  di- 
mensions, and  at  such  a  distance,  as  should  be  found  by  experiment  to  bring 
the  needle  back  to  the  niagiictic  meridian  when  the  ship's  head  was  cast  or 
west,  then  keeping  the  iron  in  that  position  it  could  correct  the  error  of  the 
locd  attraction  of  the  ship  in  every  direction  of  the  ship's  head.  This  method 
has  been  testi-d  by  exporirnetit  and  found  to  «:ucceed  admirably.  It  has 
also  been  attended  with  the  great  advantage  of  leaving  the  compass  free  to 
act  by  the  natural  magnetism  of  the  earth  m  high  latitudes,  where  the  force 
is  much  enfeebled  by  the  obliquity  of  its  direction  on  account  of  the  greatness 
of  the  dip.  In  the  voyages  an<»v«'  nnvned  it  was  found  that  the  compMs«<es 
thus  furnished  traversed  freely  and  an  iir;»tely,  when  th(»se  of  the  common 
form  moved  very  irregidar,  and  wrre  in  bome  cases  almost  useless. 

On  the  Dip  of  the  Magnetic  Nerdlc, 

If  the  nee  dle  of  a  rompass  !>»<  fxnctly  balanced  on  its  point  in  a  horizontal 
position,  and  tlien  the  inai:n«'iir  virtue  Im-  coniuiuuK  aled.  the  needle  will 
point  towards  tiie  north,  and  will  also  be  inclined  to  the  horizon,  the  north 
point  of  the  n«dle  tending  downwards,  and  tbe  south  point  upwards  in 
northern  clinwrtes,  and  the  contrary  in  southern  climates.  This  mclinatioti 
of  the  needle  to  the  horizon  is  ralird  The  Dip  of  thf  Mas;netic  yft  dif,  which 
is  dirtVrent  in  difl'erettt  places,  tiiou;;h  it  has  Ium  ii  fuuiid  to  remain  n«'arly  the 
same  in  tlie  siuue  place,  since  its  discovery  in  tl»e  year  1570,  in  which  year  . 
at  London  the  dip  was  71^  50*,  in  17f  9  it  was  74^  or  75^,  and  at  present  is 
•bout  724^*  Messrs.  Humbolt  and  Biot  published  a  method  by  which  the 
dip  may  be  calculated  lor  any  i:;iven  place  in  north  latitudes  to  a  considerabh' 
degre«'  i)f  accuracy.  This  uieihod  is  explained  in  the  Hid  vol.  of  Tilloch's 
Magazine,  aud  is  in  substjince  as  follows : 

According  to  their  theory  there  are  tun  mai^netk polet,  one  in  the  latitu^p 
Jit  79*^  I'N.  and  in  the  longitud<'  of  :t^42  \V.*  from  Greenwich,  the  «)ther 
^amctrically  opposite,  in  the  latitude  of  79^  1'  B*  and  in  the  longitude  of 
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l,"*-:^  IH'  E.  The  ^reat  circle  of  the  »  artli  90^  distant  Ironi  thcv  ivjlt*8  is 
railed  the  masnttic  iquator.  On  tlte  magnetic  equator  tlic  dip  in  uotLins, 
and  at  the  poles  is  90^,  at  any  other  point  on  the  surface  of  the  earth  the  dip 
varies  with  the  distance  from  the  magnetic  pole :  This  distance  may  be  cu- 

enlated  hy  common  sph«'rir:il  tni;ononi*'1ry,  or,  (whic!)  is  niiirli  mnri'  sim- 
ple and  sufficiently  accurate  lor  lliis  j)nrposr^  by  measuring  llic  di^^tanci  on  a 
terrestrial  globe  from  the  magnetic  ]>ole  to  the  place  for  Mhich  the  dip  is  t«i 
he  calculated;  then  to  the  log.  co-t{^nf;ent  of  this  distance  add  the  ccHistant 
logarithiYi  0.30103,  the  sun^will  be  the  lop.  tangent  of  the  dip.  The  dip 
ysas  caUnilntcd  on  these  principles  for  twenty-eight  places  in  Europe,  Asia, 
Africa  and  America,  and  m  ten  i)laces  the  theory  did  not  differ  1^  from  ac- 
tual obsorvatious,  and  in  five  places  did  not  differ  2*^,  but  at  Spitsbergen  the 
difference  was  between  4^  and  G^.  Considering  the  difficulty  of  OMerving 
the  dip  with  accuracy,  the  difference  between  the  theory  and  observation 
•may  he  considered  as  nearly  within  tlio  liniif'^  of  the  errors  of  observ;if ion, 
and  this  difference  may  be  rciidi-red  les.s  by  introducing  a  small  correction 
depending  on  the  longitude  of  the  place  of  observation  referred  to  the  magr 
netic  equator. 

The  methods  proposed  for  finding  the  longitude  by  the  variation  and  by 
the  dip,  will  be  hereafter  explained* 


TO  Fii\D  THE  LATITUDE  BY  OBSERVATION. 

TBB  latitude  of  a  ^lace  being  its  distance  from  the  equator,  is  measured 
by  an  arch  of  the  meridian  contained  between  the  zenith  and  the  equator; 

linnce,  if  tlie  distance  of  any  heavenly  IhkU  from  the  zenith  when  on  the 
jueridian,  and  the  dcchnatioa  of  the  object  be  given,  Ute  latitude  may  be 
thence  found. 

The  meridian  zenith  distance  of  any  object  may  be  found  hy  observing  its 
altitude  when  on  the  meridian,  or  by  observing  one  altittide  t,iken  at  a  given 
hour  from  passing  the  meridian,  or  hy  twj»  altitudes  taken  out  of  the  meri- 
dian and  the  ela|)sed  time  between  the  observations — each  of  these  methods 
wiU  be  explained  U\  proper  examples. 

Altitudes  of  the  sun  and  moon  taken  at  sea  require  four  oorrections  in  ordfer 
to  ol)taiii  tlie  true  altilnde  of  tlieir  centres;  these  are  for  S«  nii-diamelcr, 
Dip,  Hefraclioii,  and  Parallnx.*  \\'litMi  a  plaiu't  or  star  is  observed,  the  cor- 
rections for  dip  and  refraction  only  are  to  be  applied,  as  tiic  semi-dianieter 
and  parallax  of  a  planet  are  but  a  few  seconds,  and  may  be  neglected  in  find- 
ing the  latitude  at  se^i. 

fn  a  fort-obst  rvalinn  with  a  qiKidrant,  sextant  or  circle,  the  senii-dlauieter 
is  to  be  added  if  the  lower  limb  was  observed,  but  subtracted  if  the  upper 
limb  was  observed.    The  dip  and  refraction  are  to  be  subtracted  and  the 

{larallax  to  be  added,  and  the  centra)  altitude  will  be  thus  obtainedi  which 
>eing  subtracted  from  90^  %vill  give  the  true  senith  distance. 

In  n  h(tck-ohs<  rvation  irilfi  <t  (iitadrant,  the  semi-diameter  is  to  be  subtract- 
ed if  th«'  l«»wer  limb  was  observed,  but  added  if  the  upper  liiyh  was  observ- 
ed. The  dip  and  parallax  are  to  be  added,^and  the  refraction  subtracted,  and 
the  central  altitude  will  be  obtained,  which  being  subtracted  from  90^  vill 
givellie  true  zenith  distance. 

In  a  buck -oh.'^t  rvation  with  a  prxtaitt  or  circle,  by  measnrin};  the  supj»lement 
of  tlie  altitude  by  bringing  the  lower  liujb  of  tin*  image  of  the  t»i»)ect  to 
touch  the  back  horizon,  the  semi-diainelcr  and  refraction  must  he  added  to 

<*  Tlie  Mml  dbmrter  of  the  tun  miiy  b*  Utmi  te  die  3d  pii«e  of  ih«  SMmtb  of  tbe  JiautloU  iUnuiiiae 
nod  ii  nmrly  16'.  The  •an**  parnildx  b  to  be  ftmnd  In  Tnltic  XIV.  The  rrrmciion  In  Tnble  XII.  TLe 

ilip  \n  Tahlf  XIII.   The  senu-iliaincfT  niul  |tumllax  of  llic  mucui  inav  Ijo  found  fn^in       Nniifn-.U  Almu- 
ns  will  hv  f  xi'lnixptl  licrtNifitr.    It  m.i  v  also  l>e  oli!>ei* that  it     iHii.il  to  niUl  1'*  I'ortlic  rnrrt-«-,;.H| 
r>t  ••■III i-(li.iin«  i(  f,  pnt-ill  i\,  in  ;i  loro-nhvrrv .\tif>n  ol  tin-  'un''  lo\v<  r  liriib,  f.il.<  n  nn  ihr  'h  i  1»  ..i 

<^^'>nm)wn  >,  .NM  I.  aiut  by  subtracting  ttic  reflection  fruui  the  ^uvn,  Uw  trwt:  oUtludc  wilt  t>»  obutinnl 

iK-nriy.  ;m  I  it  nii^iit  ainftjs  10  be  kct«  In  tuind  itMK  t'  e  t^tQprtion  mi  km  nj^tddif  i>  ol'uw  oracb  Imfbtrci^ 
unce  in  1*  iioglvcicd. 
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Ihe  altitude  given  hy  the  instrument,  and  the  dip  and  parallax  sulilracteil 
therefrom,  and  hy  subtracting  90^  from  the  remainder,  the  true  zenith  i^iJi- 
lunce  will  be  obtained. 

2\»  Jmd  the  LetUude  bjf  Ifte  mtridian  altitude  of  any  object, 

Hcvinf  obtained  the  true  meiMiaii  senith  distance  by  either  of  these  me- 
thods, you  must  then  find  the  declination  of  the  ohjet  t  at  the  time  of  obser- 
vation. This  may  be  found  for  the  sun  l)y  the  Nautical  Almanac  or  by 
means  of  Tables  IV.  and  V.  in  the  manner  before  explained.  The  declina- 
tion of  a  fixed  star  may  be  easily  found  by  ins|>ectM>n  hi  Table  VIII.  The 
declination  of  the  moon  or  a  planet  may  Be  found  in  the  Nautical  Alma- 
nac in  a  manner  which  will  be  hcrcaft«  r  cxplainiHl.  Umiii'^thf  meridian 
aKaithdistadiceanddecluiatioo,  the  latitude  hlo  bufouud  by  the luliowiog rules. 

(  ASK  I. 
ff'hen  Ih*  ohjtct  rises  and  srts. 

Rui.£.  If  tile  object  bear  south,  when  upon  the  meridian,  caii  llie  /.euilh 
distance  mrtk  but  if  the  bearing  be  north  you  must  call  the  xesith  distance 
jetit^.  Place  the  zenith  distance  under  the  declination,  and  if  they  are  of 
the  same  name  add  them  to^^etlier,  but  if  they  are  of  different  names,  take 
their  difTerence ;  this  :^uin  or  difft  reuce  vNiU  be  the  Latitude  which  will  be 
the  bamc  name  as  tlie  greatest  number. 

CASE  II. 

tVhen  the  object  dues  not  srI,  but  comes  to  the  meridkm  above  the  homoB  ttti^e 

in  24  hours. 

Many  stnrs  arc  always  above  tbe  horizon  of  certain  places  of  the  earth,  oaA 
ill  hi^^li  latiluilc^  lli<-  nun  is  sometimes  above  the  horizon  for  several  i]nyn,  in  which 
co^ic  the  meridian  utUluUc  mity  be  ul)sor\(.<l  twice  in  24  hours ;  that  u,  once  at  the  great- 
est height  above  the  pofoi  and  i^n  ut  tlic  lowest  height  upon  the  meridiaii  below  the 
{x>le.  In  the  fanner  case,  the  latitude  is  to  be  fouod  bj  the  pcaeedii^  fiiie,  but  in  the 
latter,  by  the  following 

Rule.  Add  the  complement  of  the  dedlnatlon  to  the  mcridbn  ahitude ;  the  sum  will 
be  the  latitui!)-,  of  the  same  nuinu  :is  the  declinntion. 

Note.  When  the  »un  or  star  is  on  liic  equator,  or  has  no  declination,  the  ronith  tli'*- 
toncc  uill  be  equal  to  the  latitude  of  the  place,  nhich  nill  be  ot  tlic  mnuv  iiajne  u«  ibi^ 
zenith  distaoee. 

^^'hcn  the  mn  or  »tar  15  in  the  zenith,  the  decliaAtion  will  be  eqifal  to  the  laUtude, 

aad  it  will  bo  of  the  same  name  a*  the  declination. 

'To  find  the  latitude  by  the  meridian  altitude  of  the  sun  or  star, 
EXAMPLE  I.  I  EXAMPLE  IL 

Suppose  that  at  the  end  of  ilie  sea  dav,'  Suppose  that  at  the  t  iul  of  the  sea  day, 
.lune  21,  1824,  in  the  lon^itu  !.-  .-f  f  ')  W.I  \pril  14,  1H>4,  in  the  longitude  uf  1 40  E. 
the  meridian  altitude  of  the  suu's  lower  irom  Cireenwicii,  the  altitude  of  the  sun's 


limb  hearing  voutht  was  found  by  a  fore- 

i)h>t  r»alion  to  be  10  6' — required  the  la- 
titude, siippo»in^  the  correction  of  the  ob- 
served altitude  for  parallax,  dip,  and  »cmi- 
diametcr  to  be  12  mfles? 

Observed  altitude  10^  6' 

Par.  dip,  and  scmi-diau.    add  12 

f^um  40  IS 

Hcfraction  stihtnct  1 


lower  limb  by  a  fore-obsemition  was  60^ 

25'  when  on  the  ni'Tidian  and  U;arinf;  south, 
the  correction  for  dtp,  seiui- diameter  and 
parallax  bcii^  12  miks — lequlred  the  Isti* 
tude? 

Observed  altitude  2.V 

Concctiou  add  12 


True  altitude  4U  17 

StthCract  ffom  •  90  00 


True  zenith  disUoee  49  43  N. 

Bun's  dcduaation.  Tab.  TV  93  28  N. 


Latitude  :  73  UN. 


TniP  alfitiidcf. 
Subtract  fr^m  < 


.60  37 
.90  0 


True  zenith  distance  

Sim's  (k'oHntition,  Tab.  IV.  } 
cor.  bj  Tab.  V.  for  long,  ji 


..S9  SSfit, 
...9  SIN. 


Utitude  38  441^. 


♦  In  ihu  iiiiv  III- !.uo  is  s.ii,j,<Ki<,«  i»  u-  thv  >ixr«i|K>ii>{,  MiiltJwMaiai  It f|H«m^ t» It.  TliM,  ititm 
*m  UiHT-  s  .^it;>  iVo,!,  .1,, . i-^t-r  (ur  from  bi>  sMlth} the  loUlh bcBM  aarttt  wun the «!%  eMlliis(|||p 

iHller  btMfiug  wiitcii  it         in  the  ruU: 
r  The  fe<ir»ctloB  bd^  iawtl  U  here  B»cfccl«d  ^ 
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EXAMPLE, m.  I  EZAIOIBTI. 

Suppose  that  at  the  eod  of  the  ."en  day,!  By  a  back-observation  with  a  quadrant  oT 
May  15,  1324,  in  the  meridian  of  Green-ireflection,  the  meridian  altitude  of  the  sun^i 
wich,  the  meridian  altitude  of  the  sun's  lower  lower  limb  was  25°  IS*  when  the  deeUaallW 


limb  bearing  north  was  found  by  a  fore-ob- 


servjitiou  to  be  ?>0    6',  the  correction  for  feet  above  the  horizon,  the  aun  bearing  S 


parailax,  dip  and  scmi-duun.  beiu^  li  milca — 
reqaired  llie  latitude? 

Observed  altitu  le  30°  6' 

Par.  dip,  and  sena-diam. .  • .  add         1 2 

Slim   30  )8 

BcfraetioD  aubtract  2 


Thia  attitiide  30  16 

Subtract  fimm  90  00 


True  xcnith  dbtanee   59  44  8. 

Sita*s  declhiation  18  55  N. 


49  S. 


was  21"^  14'  8.  and  the  eye  of  the 


required  the  lat.  of  the  pUee  of  obaervation  2 


ObaenrediMtnde 
SemiHiim6l6r««a«  ••••  ••nib* 


16 


Dip 


24 


.add 


56 
6 


25 


2 


Latitude  40 

EXAMPLE  IV. 

Suppose  that  at  the  end  of  the  sea  day, 
Nor.  17,  1824,  in  the  tongHnde  of  SO^^  K. 

from  Greenwich,  by  a  fore-observation  the 
meridian  altitude  of  the  sun's  lower  limb 
was  50^  6',  bearing  south ;  the  eye  of  the 
obMrrer  being  17  feet  above  the  aiirihce  of 
(he  sea — required  the  latitude  7 

Obsenred  altitude  50^  6^ 

Smt*^  aemi-diam.  ........tdd  16 


Refinetkm  cub.   

T^ruealt.  of  na^  ceiitie*»«*«..25  0 

True  zenith  diltllioe  65  0 

DecUnatioa  •  7. . .  .21  14 

Latitude   43  46  N. 

EXAMPLE  VII. 
Suppose  that  on  January  1,  1824,  an 
sorrcr  17  feet  above  the  water  finds  by  a 
fore-observation  that  the  altitude  of  Sirius 
is  53  33'  when  passing  the  meridian  to  the 
southward)  required  the.  latUndo  of  (he 
place  of  obsenralion? 

Observed  altitude  53^  33^ 

Dip  of  horixoB  ••ndl.  4 


Sulitraet  dtp  and  icii action. 


50 


22 
5 


True  altitude*  50  17 

Su^actfrom  90  0 


True  zenith  distance  39  43  N. 

Sun's  dec  cor.  by.  Tab.  V  19  IS 


Lalitude  80  48  N. 

EXAMPLE  V. 

Bj  ft  foeemlisenratkni,  the  meridian  alti 
tii  lp  of  the  snn's  lower  limb  was  found  to 
be  40^  20'  bearing  south  of  the  observer,  the 
declination  bei^  56'  N.  and  the  eje  96 
feet  above  the  horizon— te4|uiied  the  lati- 
tude of  the  place  ? 

Observed  alUtude  40^  80^ 

 add  16 


J^ip  5',  reftaetion  l\  auik 


7 


40 

36 

6 

40 

30 

90 

00 

30  N. 

56  N. 

.69  86  M. 


Refiractibn  *mA» 


63 

89 

1 

53 

.36 

32 

.16 

20  S. 

3  h. 


Latitude   SO 

EXAMPLE  Vm.' 
Suppose  that  on  Vie  13th  June,  1824,  sett 
account,  an  observer  in  a  high  northern  lati- 
tude and  in  the  longitude  of  65'-^  W.  from 
Greenwich,  hie  Of  being  80  fiwt  above  M 
surface  of  the  water,  observed  by  a  ion* 
observation  the  alUtude  of  the  sun*s  lower 
limb  on  the  meridian  below  the  pole  8°  14^  r 
required  the  latitude  ? 

The  sun  being  below  the  pole  at  12  hour*, 
before  the  end  of  the  sea  day  June  13,  the 
correethm  of  declination  conresponding  in 
Tabic  V.  is— r  46",  and  the  correction  for 
65"  W.  long.  is+O'  33",  hence  both  correc- 
tions malce  neariy  I'tobe  sidrtiafilod  firom  fhe 
declination  at  noon  23^  11'  N.  which  will  give 
the  declination  at  the  time  of  observation 
23-  13'  N.  the  comp.  of  which  is  66  47'. 
Observed  alt  ann's  lower  Ihhb 
6emi-diaoieter  • .  add 


8°  14' 
16 


l>ip. 


.sub. 


30 
4 


2b 
b 


-HI 


Refraction  a\d>. 

True  alt  of  sun's  ccntre|  

Complement  of  dccBoation  ••••  66_47  Nl 

7  N, 


*  Thm  parallMi  bsteff  somiII  b  here  neflselaa,  and  tbt sun's  seini-diameier  is  sui  poscil  to  be  ic. 
t  Tta  nonh polsr dlAoicM  of  these  Mgte  staffs eieclvcii  (br evciy  10 ibgrs  la  the  Kiuitial  AJmwc^ 
wbOT  great  acenruy  is  required,  tbe  drcTioatioos  dMWced  Aihd  these  mey  be  uNd  iflSUad  oc  Om  tpa^ 

u-r^  in  Table  vrn. 
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EXAMPLE  IX.  *      !  EXAMPLE  XL 

^nppow  tbat  on  January  10,  1S24,  anj   SuppoiM!  that  1>f  a  baek-«ibterratioa  wUA 

j:>b0erver  18  feet  above  the  water,  finds  the  a  sextant  the  luwcr  limb  of  the  nu^a  iM|(a 
altitude  of  the  north  sinr,  when  on  the  ine-lwas  brought  to  the  back  horizon,  and  the 
ridian  below  the  pole,  to  be  36"^  23'  by  ajaugle  shown  by  the  index  was  106^  12',  the 
fim-obaarvatiaB ;  nqidred  .the  latitade  onaltitiiie  of  the  obaenrer  betog  St  fc«t  ami 

the  place  of  observalioil ?  the  correction  for  s«  mi- diameter,  psrallsx*, 

aad  dip  being  (as  u^ual)  about  12^;  re- 


Observed  alUtude  36"^  2y 

iSubtraet  d^.  4'.  xeC  1'   S 

Thjc  altitiidf   36  18 

K'omp.  dccUii.  Tab.  YJII.*   1   38  N. 


 4. .37  56  N. 

EXAMPLE  X. 
Suppose  that  by  a  back-obsemtioo  with 
a  sextant  the  lower  Uiab  of  the  lun^  hn8<s^e 
was  hrougbt  to  the  bock  horizon,  ami  t!io 

angle  shown  by  the  index  was  10',  the 
sun  being  then  on  the  mcridiun  and  bearing 
Ooatii,  the  declination  being  20^  5'  N.  the 
.sun's  semi-dioincter  16'  and  the  observer  20 
Ijcetabove  the  honxon  i  required  the  latitude  ? 

OhMnred  angle   110°  lO' 

geBi-dianeter  add  16 


>tnh. 


110 

1. 

96 

'4 

no 

22 

0 

99  N. 
6  N. 

27  N.i 

quired  the  true  latitude,  supposing  the  ^ 
clinntioti  to  be  2(F  S.  and  that  the  aun  h^tt 
north  at  the  time  of  obsenation? 

Obwsrved  angle  ...106^  15;' 

IHpaiidieBi-diiM.....add  Vi 


Svftlniet 


106 
90 


24 


Zenith  di'^tanre*   lb    24  5. 

Sun's  declination   20     0  ^. 


LaUttt^^ 


36 


94  S. 


It  was  obsen-ed  in  thf!  directions  for  findlnp:  the  nieridntn  .dtitudr  «f  :»n 
object,  that  an  error  woidd  arise  if  tlu'  shi[)  wen-  in  n]oli<tii,  or  the  sun*«=  d»'- 
'cl'mation  should  vary.  The  amount  of  this  correction  may  be  e:;Uinated  in 
the  foUomng  manner. 

Find  the  number  of  mile»  and  tenths  of  a  mile  northintic  or  smithing  ma,d^ 
by  the  ship  in  one  hour,  and  also  the  v  ariation  of  the  sun's  derlination  in  an 
hour  expressed  also  in  miles  and  tenllis.  Add  these  together,  if  they  hoiii 
iioospire  to  elevate  or  depress  tlie  sun,  otherwise  take  their  dillerence,  which 
«all  the  aich  A.  Find  in  Table  XXXIL  the  arch  B,  expressed  In  seconds, 
corresnondiog  to  the  latitude  and  dedination ;  then  the  arch  A,  divided  hy 
itrice  the  arch  B,  will  express  the  time  in  minuUs  from  nnon  when  the  ^ti  utest 
(er  least)  altitude  was  observed.  Moreover,  the  square  of  the  arcli  A,  di- 
-vided  by  five  times  the  arch  B,  will  be  the  number  of  $ecomb  to  be  applied 
to  the  obsenred  altitude  to  obtain  the  true  altitude  which  would  have  been 
observed  if  the  ship  had  been  at  rest. 

Thus  if  the  ship  sailed  towards  the  sun  south  H  miles  per  iionr.  the  de- 
cCnation  increasing  northerly  I'  per  jiour,  we  should  have  A=:U4-1  =  '^^- 
ir  the  hititude  was  4£^  N.  dedination  2^  g.  tre  should  hare  by  Tab.  XXXII. 
BsST*  In  diis  case  the  6me  firom  noon  n  V  minutes,  and  the  correction 
^altitude  'f^asis  seconds  only. 


•  The  Dorlh  polar  distance  of  these  ttrieht  tunare  given  for  ererjr  10  <l  '>  »  in  il.r  N.nuicn!  Aliuunac; 
« lies  great  accuracy  is  required,  Uie  decUnatlons  dedoced  from  these  may  be  U6cd  iuaiiad  wf  liie  uuipi- 
in  Table  VIIL 

f  The  refrarttow aadjpaiallaa jwtof ^pidly a  fav  secoatls areseglrctcd. 
X  1[he  viAii0iDn  P""" 
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TO  FIND  THE  LATITUOE 

Br  THE 

3iEKiDiAi\  althudl;  of  the  ^Loo^. 

THE  latitude  nmy  be  found  at  sea  by  the  moon^s  mcridiaii  altttude  more 
liccuratdN^  than  by  any  other  method,  except  by  tlif  meridian  altitude  of  the 

Hiin;  but  to  do  this  it  is  nccfssnry  to  find  tlie  lime  of  her  passing;  the  miTi- 
dia»),  and  her  def  lination  at  that  time.  To  fHcilitate  these  caU'.ulations  we 
have  given  the  Tables  XXV  III.  XXIX.  and  XXX.  The  uses  of  which  will 
evidently  appear  from  the  fbllowing  rules  and  examples. 

To  find  thr  true  time  of  the  moon's  ])<i.^sin^  the  mrritliini. 

hi  the  sixth  page  of  the  Nautical  Almanac,  find  the  time  of  the  moonS 
roming  to  the  meridian  of  Greenwich  for  one  day  earlier  than  tlie  sea  ac- 
Qount;*  and  also  the  time  of  her  coming  to  tiie  meridian  of  Greenwich  tha 
next  day,  when  you  .ire  in  west  lotr^itudc,  h\it  the  preceding  day  when  in 
east  longitude;  take  th»'  difr»'r»M»ce  hetweiii  these  times,  witli  which  you 
must  enter  the  top  column  of  Table  XXVIil.  and  against  the  ship's  longi- 
tude in  the  side  column  will  be  a  number  of  minutes  to  be  applied  to  thetimo 
taken  from  the  Nautical  Almanac,  for  the  day  immediately  preceding  the 
sea  arrount,  by  adding  wlien  in  we«^t  lon';:itiide,  but  subtrartius:  when  in  cft=t 
bmgitude;  the  sum  or  diflfcrence  will  be  the  true  time  of  passing  the  meri- 
dian of  the  given  place. 

EXAMPLK. 

t^erjtnrec!  ttie  tfrne  of  the  moon's  passing  the  meridian  of  I^hiladelph^j 
April  19,  132U,  sea  account? 

The  day  preceding  the  sea  aceount  is  April  18,  oo  Wbieh  day  the  modti 
passed  the  meridian  of  Grcenwicii  at  &h.  Sm.;  and  being  in  west  loogitude, 
I  find  ij.so  thr-  tiini'  of  h»M-  pn'^  inji^the  meridian  the  next  day,  .'>b.  r>5m. ;  the 
difTerenee  of  these  two  nunihers  is  r>2ni.;  with  this  I  enter  Table  XXVIlI. 
and  at  the  top  find  0^';  under  thi:»  and  opnosite  75^  (the  longitude  of  Phila- 
delphia) is  me  eorreetion  11',  to  be  added  to  §h.  Sm.;  therc&re  the  tinie  of 
passing  the  meridian  of  Philadelphia  is  April  19d.  5h.  14m.  aeaaceount;  or 
April  18d.  ih,  14m.  P.  n.  civil  account. 

To  find  ihts  moon*$  deeUnaiUm  uihen  on  tkt  meridian. 

Find  the  time  of  the  moon's  coming  to  the  meridian  as  above:  turn  ikt 
rilip's  longitude  into  time,  (by  Table  XXI.f)  and  add  it  thereto  if  in  west 
Iong;itude,  but  s"ibtr.irt  it  in  ea-^t.  the  sum  or  difterence  will  be  the  time  at 
Greenwich. — ^Take  out  the  moon's  declination  from  page  6th  of  the  Nauti* 
elil  Almanae,  for  the  nearest  noon  and  midnight ;%  and  note  the  diiRff«nee  of 
the  declinations  if  of  tht-  ^^ame  name,  but  their  sum  if  of  different  names; 
enter  Tahl*-  XXX.  with  this  sum  or  diflference  at  the  top,  and  the  time  at 
(ireenwich  in  the  side  column,  under  th««  former  and  opposite  the  latter  will 
be  the  correction  to  be  applied  to  tiie  dechnation  wiiicii  stauds  first  in  the 


*  Takinc  (lie  time  one  dayarlier  tban  the  sea  account  reducct  U  to  astronomical  liinr  usrd  in  the 
Nauticnl  Ainvinac. 

t  LongittHto  may  bo  turned  into  ttme  without  the  help  of  TKble  XXI.  bv  muUi|tI>ing  bjr  4  atSMMi- 
iMlljr,  •od  poninfr  tlK  prodoct  one  dmominaikM  lower;  and  by  dividing  by  4,  time  may  bt  tmrneanto 

i!ojrrec«,  Lr.  Thus  aO»X ■*=-'»20'—'h-  '^^m  nml  15"  in  X^^^l'  I  '=lh.  Iro.  4s.;  in  like  niannrr  lh.::0iu. 
or  iOm.  ^1lv-^l^^ll  h\  4.  p""  3li  ir.ni.  or  I'Jbni.  di%idctl  by  t,  giTe*  49",  which  agree  with  the  Table. 
IftlMHhip  t>e  fori 'isbiHi  Willi  o  cliinnon:f  ter  repulatetl  to  (ireenwich  01  me.m  time,  tMi  part  of  ibe 
o|«pmfinn  will  bf  Mvnl,  for  liy  apniying  tlie  equation  of  time.  Tabic  IV.  A.,  with  a  nntrary  npjt  to  that 
ill  th.-  Tai'io,  tiip  appartnt  time  at  Orecnu  lchwdl  be  obtained,  a»  in  the  cipionatiofn  prefixed  to  tbeTablM^ 
i  If  the  time  at  Qrmiwkh  He  exaetiy  nooo  or  nidaighMhe  two  deeUttatioD  will  bt  fivA)  hj  Hm  Nati- 
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Nautical  Almanac;  additive,  if  that  decUiiation  be  increasinj;;  subtractivp, 
if  decmring;  the  sum  or  dUTerence  will  be  the  true  declioatioa  at  the  Hme 
of  feasiog  file  mericUaii. 

NOTES. 

1.  By  the  above  rule,  the  day  of  the  month  oti  uhidi  the  moon  passe*  (be  meriil'in 
miist  be  taken  one  !ess  than  the  Brn  arrotirit :  and  when  you  add  the  longitude  (turned 
into  tune)  to  the  time  of  paBsing  the  meridian,  and  tiie  hours  oi'  tiie  smn  exceed  24,  you 
mint  Mhtteet  9tt.  and  add  one  to  the  day  of  the  month ;  if  the  longitude  be  aybtraetive 
and  ;jrralcr  than  thf'  tiinr  of  pns-»i:inj  t?fc  nu  ridinn,  you  rnu't,  prKTious  to  thr  fubtmr- 
tion,  add  t4  hours  to  the  time  of  passing  the  meridian,  and  Bubtract  one  from  the  day 
•f  tte  month ;  the  sum  or  diflference  will  be  the  tune  at  Gieenwieh.  If  tMs  time  be  lem 
Omi  19  hours,  you  must  taheoat  the  declination  for  the  preceding  noon  and  the  fulloiv- 
ing  midnight ;  but  if  thr  time  exceed  I '2  hours,  you  must  take  out  the  dechmUioo  for 
the  precediag  aoidnight  and  the  following  noon. 

S.  WhoB  one  of  the  dedniatieas  taken  firom  tiie  Nautical  Almanac  is  north  and  the 
oth^r  south,  the  difference  between  the  correction  of  Table  XXX.  and  that  dorVuintion 
tkiuck  staadi  first  in  the  Nautical  Almanac,  will  be  the  true  declination,  which  will  he 
ofthe  nme  MOM  as  tiM  ftnt  dedmatioB,  when  the  eorreeCien  of  TiMe  XXX.  itieaa 
than  the  first  decUnatiooi  but  if  greater  of  a  contrary  name. 

•  3.  In  the  Mime  manner  we  may  find  t!ir  declination  for  any  time  in  the  (lay,  by 
making  use  of  the  given  time  instead  of  the  time  ol  tlie  mounts  putting  the  meridian. 

4.  la  tha  tbefe  mlai  tiie  seeond  diflerencea  of  the  raoon*s  motion  are  neglected. 
In  rases  where  \cr\  great  aeettfacy  is  required,  the  eateaiation  maybe  madsaefli 
Problem  I.  of  the  Appendix. 

EXAMPLE. 

Required  the  moon's  doclkiation  at  the  time  of  her  pasaiog  the  meriiiiAn 
oi  Fluladelphiu,  April  19,  18;^,  sea  account? 

The  tunae  of  passing  the  meridian  of  Philadelphia  was  found  in  die  prc- 
eedlBe  Bnmple  to  be  April  19d.  5h.  Hm.  sm  account,  or  April  18th.  5h^ 
14lll.by  Nautical  Ahnanac  account;  this  hcinR  add«'d  to  th<'  longitude  of 
Philadelphia,  in  tinn'  jh.  Im.  nearly,  tin*  sum  is  fho  time  at  Greenwich,  April 
Idtii.  10b.  Idm.  The  declination  April  l^th.  at  noon,  Has  sLQ  N.  and 
M  April  Ittli.  at  inidnii^ht  e7<^  48'  N.  the  dUTerenee  being  38',  this  Mng 
fintaa  atthe  top  of  Table  XXX.  and  th<'  time  lOii.  I5in.  in  the  side  rolumn, 
the  number  rorrespondinp;  is  SS',  which  siihtracted  from  the  first  declination 
23O  £c'  leaves  the  dec]if\ritinn  re(piired  i?^  T^.i'  N. 

At  the  time  of  the  moon's  passing  tlie  meridian  you  must  obser\'c  the  alti- 
tude of  her  upper  or  lower  limb,  ami  correct  this  altitude  for  aemi-diaiiiet^, 
dip,  parallax,  and  refraction,  and  you  will  obtain  the  central  altitude,  with 
which  and  the  declinatitni  you  may  find  the  latitude  l)y  the  rnh  s  hi  foro 
given.  Or  you  may  correct  the  observed  allitudi*  hy  the  following  aj»j)roxi- 
iiiate  method  which  shitrtens  the  calculation,  and  is  sulViciently  accurate^ 
especially  when  the  dip  is  about  V  or  5',  which  is  nearly  the  vahie  in  com- 
OMHi  obaerrationi  at  sea. 

STo  Jind  the  lalUude  by  the  moon's  merifiian  altUudtf  obluitud  bif  a  /ort^b- 

servation. 

To  the  observed  altitude  of  the  moon's  lower  limb  add  H  minutes,  l)ut 
it  her  upper  limb  was  ob9er\'ed,  subtract  SO  minutes ;  with  this  altitude  enter 
TWe  XXIX.  and  take  out  the  minutes  corresponding  and  add  thereto,  the 
stim  will  he  the  central  altitude  of  the  moon;*  with  this  altitude  and  the 
moon's  declination  foimd  as  abowh  ^he  latitude  may  be  found  as  by  a  meri- 
dian altitude  of  Uie  sun. 


*  I*  MkalaUoe  •ccnnilely  the  moon'*  eentral  nlthiide,  you  must  proccpd  in  the  lollowin^  nmnrtcr  i 
VHAlkeilBM  oTtbe  bmoo's  passini;  the  loendmo  redoced  (•  Grrenwlcb  time  as  nlxivo,  take-  out  the 
mean  hsrtineial  panllas  ud  iMilHUaiiirtcr  for  this  iImm,  rrooi  the  arveiiib  pMce  01  the  month  of  the 
■ntfail  ttmmmm,  tmemm  Ibe  9Mni.4bmeter  liy  the  camctlaii  i«  Table  XV.  add  thi<  Augmenird  «emi- 
dHawmr  tm,  t  Mbtnet  it  fmrn  the  itt^tervnl  altitmle  accord  int;  n«  the  w  a|9*c  linb  vac  ubtmert 
(fty  a  fiire-olHcr*«tlaa)  »obtnict  t tie  dip  of  the  horizon  taken  from  TaUe  Xltl.  •wTadd  tlweorMeiloii  fiir 
MnllaXMd  rH'nirtMin  (whictt  niar  Ik-  eft<i:v  found  hy  Tabl<-  XIX.  br  rabtncltof  .the  COntCtHfa  foouti 
♦n  lh«t  ubie  from  5*  12")  and  the  lum  t\  Ul  "lie  the  c<ifrect  ccmral  «Itit«Hl»-. 
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EXAMPLE  I. 

Suppose  that  on  the  27th  of  June,  18iO,  ?ea  account,  in  long.  80*^  W.  from 
Qreenwich,  the  meridian  ahitiide  of  the  moon's  upoei-  limb  Y^^&  observed  (9 
i»  40^  &  bearing  south ;  required  the  true  latitude? 

JunetTth,  sea  account,  is  June  26th,  by  Nautical  Almanac,  on  which  day 

the  moon  passed  the  meridian  <»f  f^reeinvich  at  12h,  45m.  and  the  next  day 
at  I3h.  JGm.  the  daily  differt  in  t-  ht  in^  iJlm.  In  Table  XXVIII.  under  GO 
(which     the  ueareist  number  to  61  in  the  Uible)  and  opposite  to  the  long.  8(>^, 

Stand  19m.  wliidi  added  to  ISh.  4dm.  gives  the  timeof  paanngthe  mmtaiH 
June  t6d»  Uh.  $8m. 

D.  n.  >!. 

)  passes  merid  June  26  12  53 

8Mp%  long.  80C>  in  time   5  SO 


Time  at  Greenwich  June  26  Iti  18 

Juae  26,  midnight  ded  27^  24'  S. 

Jane  S7,  at  noon  S6  10  S. 

Diflcrence   1  14 

With  tiiis  diflcrence  1^  14',  and  the  time 
at  Greenwich  Itih.  18m.  I  enter  Table  XXX. 

ondllndtiMconection  •.  (P  39^ 

TUi  anUncted  from  97  U  6. 


Alt  ]>'tQpperliinl»* 
Subtiact  ...r.*.. 


39  i» 

Add  Tab.  XXIX 

•••••••••  43 

}) 's  declination . 

Cijjes  the  required  decl  26   45  S.  , 

EXAMPLE  a. 

Suppose  that  on  the  27th  September,  1820,  sea  account,  in  long.  flO°.E. 
ijie  meridian  altitude  of  the  moon's  lower  limb  was  observed  50^  bearinc 
iioutli,  required  the  true  latitude  ? 

S^tember  S7,  tea  account,  is  September  t6,  by  the  Nautical  Almanac^ 

on  which  day  the  moon  passed  the  meridian Greenwich  at  16h.  17m.  and 
the  preceding  day  at  Ibh.  I'Jm.  difTerin^  58m.  in  Table XXVIIl.  under  53' 
and  opposite  the  long.  liO^  are  14m.  which  subtracted  from  leh.  17m.  lea\i;^ 
l4ih.  dm.  the  time  of  passing  the  meridian  of  the  place  of  observation^ 


^  passes  merid.  Scft.  • 
lMii.90^£.intiBM... 


V.  U.  M. 

.96  16  3 

6  0 


TSkneat 


Sept  86  10  3 


>'aobs.  alt.  lower  llab..^  O'' 

Add   JU 


^fhsl  Sept  26  at  noon  25<^  ll'  N. 

at  midDighl....26   41  N. 

•  ^^^^^^^^^^^^ 

Difference          1  30 

With  this  diOerence  1"^  30'  and  the  time 
fld  Green wieh  lOh.  3m.  I  find  the  eofxee- 

tion  of  Table  XXX  1^  15' 

Heclination  at  noon. .  ^  25  11  N. 


Sum  50  22 

Cos.  Tab.  XXiX.  «ld  . ..  30 


>*Sieeneclalt.  50  48 

^'s  senith  distance  39  18  V. 

>*■  declination  96  96  N. 

LaUMs  .««.65  03.^. 


Tmit  detonation  «96  96  N. 


EXAMPLE  III. 

Suppose  that  on  tlie  29th  November,  1820,  sea  account,  in  the  longitude 
of  150^  W.  tlie  meridian  altitude  of  the  moon's  upper  limb  was  observed 
W>  flO*,  bearing  north,  required  the  true  latitude  ? 

Not.  to,  sea  account,  is  Nov.  28,  by  the  Nautical  Almanac,  on  which  day 
the  moon  passed  the  meridian  of  Greenwich  at  19h.  20m.  and  the  next  day 
at  19h.  59m.  diflfering  39m.  In  Table  XXVIII.  under  39'  or  40'  and  opposite 
the  longitude  of  150°  stand  17m.  which  added  to  19h.  SOm.  gives  I9h.  37m-. 
«lle  nm  of  pafyigtbn  moddiuiof  Ibft  pimof  olrtOrrAtiOir. 
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D.  H.  M, 

>|Mm— rtf.  Nof  ;.I8  19  $7        Obi.  alt.  ya  upper  limb  ..(0°  W 

Lm|.lfiOOW.iatiM   10  0 


Tim  tt  Greenwich  Nov  29   5  37 


ear.  Tik  XXIX.  aM 


1%  iaeL  Not.  S9  at  noon  0""  27'  N. 

aimkliiig|it..8  82  9.  $*«cofr.«U.. 


Snm  8  49  ]l    zen.  dbt. . . 

With  this  sum      49',  and  the.  time  fit  y»  4tftill*»V~* 

Greenwich  5h.  i7in.  I  enter  Tabic  XXX. 

fiid  end  the  corr.  of  dad.  1°  19" 

Dad.  »f.  89  At  ata  0  S7  N* 


60 

m 

60 

19 

U9. 

0 

SI  fit 

M 

ISft 

la  thia  example  yoa  ttint  nsftr  tD  mfQSI 


TO  FIND  THE  LATITUDE 

ST  TBI: 

lUERIDUri  ALTITUDE  OF  A  PLAJfET. 

FROM  page  4th  of  Uic  month  of  the  Nautical  Almanac,  take  out  tliV* 
iim«  of  the  pTanet*8  passing  the  meridian  on  the  day  nearest  to  that  on  which 
tfie  observation  was  made ;  thi3  will  be  nearly  the  time  of  paaaing  the  men-* 

dUm  of  the  place  of  observation.* 

Turn  the  sliip's  longitude  into  time,  and  add  it  to  the  time  of  passing  the 
meridian,  when  in  west  longitude,  but  subtract  in  east,  the  sum  or  difference 
ifill  be  tfie  time  at  Oreenwfeh  nearly. f  Take  otit  the  planet's  declination, 
from  the  Nautical  Almanac,  for  the  times  immediately  preceding  and  fol- 
lowing the  day  of  observation,  and  note  the  difTen-nre  of  the  declinations 
when  they  are  of  the  game  name,  but  their  sum  when  of  different  name!», 
and  find  the  interval  between  these  times  marked  in  the  Nautical  Almanac ; 
fake  also  the  difference  between  the  time  first  marked  in  tiie  NauticAl 
Almanac  and  the  time  of  obsenration  at  Greenwidi  (remarking  that  this 
time  is  one  day  less  than  the  sea  account;)  then  the  former  mterval  of 
time  is  to  the  latter,  so  is  the  sum,  or  dilTeretice  of  declinations,  to  the  cor- 
rection of  the  declination  taken  first  from  tiie  Nautical  Almanac,  additive  it' 
that  decUnation  be  increasing,  but  subtractife  If  decreasing;  the  lum  Or 
difference  will  be  the  dpclination  of  the  planet  at  the  time  of  obsmation. 
But  you  must  ohser>e  that  if  the  correctinn  of  declination  be  greater  thnn 
the  declination  first  marked  in  the  Nautical  Almanac,  tJieir  difference  uill 
be  the  sought  declioation,  which  will  be  of  a  different  name  from  the  first 
^Aefination. 

From  the  observed  altitude  of  the  planet  (taken  by  a  fore  observation)  sub- 
tract the  refraction  and  dip,  the  latter  beinj;  in  general  about  four  minute^, 
aud  the  remainder  subtracted  from  90^  will  give  the  correct  zenith  distance 
nearly ;  with  which,  and  the  declination,  the  htitiade  may  be  fomid  aa  bj  an 
observation  of  the  aim. 


•  If  you  w i,h  to  uiirt  thr  time  of  pawinf,'  the  meiidwn  more  ota'urmtPljrtToa  moMtaka  n  im>ii>irtional 


part  nf  -  he  (iifliTrncc  of  the  umt^oT  cmninf  to  Ult  aMlidia^  ftflWI  Ib  ilw  Nairtkal  AUmbk,  IbiIm  i 

^  f  Thi»  t>iDeita» el^e»  fey  a  MnoAtftn  a*  la  flslBam  i^i  ia lirvsBlBWlBa  MftftI  to 
caeiftUef. 
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EXAMPLE. 

Suppost;  that  oil  the  iSd  October,  liiiO,  in  long.  6iiO  W.  Jupiter  passed  Hit 
meridian  to  tiie  aoutiiward ;  his  meridian  altitude  Ming  observed  was  45^  £0'* 

and  the  dip  4' ;  required  Uie  true  latitude  ? 

October  23,  sea  account,  is  October  22,  by  the  Nautical  Almanac ;  now  on  October  I9« 


by  tlic  N.  A.  Jupiter  parses  the  meridian  at   26m.  ^ 

Totbitaddthelong.  65<3  W.hitiae   4  tO 


Time  at  Greenwicb,  October  32d  ..19  4^ 

Japitef**  deeliaatloa,  October  19    7*^  39'  8.  - 
—  OciobertS  7  46  8. 


Diiiureuce    7 

Then  Mjr,  as  6  dtj«  (which  is  the  interval  between  October  19  and  October  25)  ie  |e> 

3  days  13f  hour?  (irhich  is  the  time  elapsed  between  October  l9th  an4  October  2id. 

13|  h.)  60  is  7  mitiutea  to  4  minutes,  which  luided  to  7^  39'  S.  gires  7^  43'  S.  the  true 

jS^UnaUoii  at  the  time  of  obsertation. 

Jupitcr^s  ohstrvcd  altitude   45*^  SCV 

Subtract  4  minutes  for  dip  and  1'  for  refraction  $ 

True  iltitade  45  15 


Zenith  distance  •  ft  45^'. 

DecUnation   f  43  6.. 


Lalitudo  ,   37' 


TO  FIND  THE  LATITUDE  by  DOUBLE  ALTITUDES. 

Form  I. — Bi/  doubl-  tiltitudiS  of  the  Sun. 

WHEN  hy  reason  of  clouds,  or  Hvoin  o\hvr  causes,  a  meridian  altitude  eaii- 
itot  be  obtained,  the  latitude  tuay  be  found  by  two  altitudes  of  the  sun,  taken 
at  any  time  of  the  day,  the  intenral  or  elapsed  tame  between  the  observatioos 
beSn^  measured  by  a  good  watch  or  chronometer*  noticing  the  seconds,  if 
possible,  or  rstiinatinK  thf  timcH  to  a  third  or  a  quarter  of  a  minute,  if  tho 
watch  is  not  furnished  with  a  i^ocond-haod.  The  observed  altituden  of  the 
Hun  must  be  corrected,  as  usual,  for  the  semi-diameter,  dip,  refraction  and 
parallax,  in  the  same  manner  as  in  finding  the  latitude  by  a  meridian  altitude. 
Wiien  great  accuracy  is  required,  tlie  declination  must  be  found  at  the  time 
of  each  observation,  using  the  third  method  of  solution  hereafter  given,  hut 
when  the  sun's  declination  varies  slowly,  »r  the  elapsed  time  is  small,  it  will 
in  general  be  sutliciently  accurate  to  lind  the  sun's  dechnation  for  the  middle 
0m  beiwun  two  obBefvanam^  and  to  consider  it  as  invariable  during  the  obser* 
vations,  computing  the  latitude  by  the  inlorieeood  method. 

This  manner  of  finding  the  latitude  is  in  general  most  to  be  depended  upon 
where  the  sun's  meridian  zenith  distance  is  great.  If  the  sun  passes  the 
meridian  near  to  the  zenith,  much  greater  care  must  be  taken  in  measuring 
the  altitudes  and  nothig  the  times,  than  would  be  oeoessarjr  under  other  dr- 
cumstaoces.  The  nearer  the  sun  is  to  the  meridian  at  the  time  of  one  of  the 
observations,  the  more  correct  the  result  will  commonly  be.  In  general  the 
elapsed  time  ou^lit  to  be  as  ^reat  or  greater  than  the  time  of  the  nearest 
observation  from  noon.  Similar  remarlts  may  be  made  upon  every  one  of 
Uie  following  forms. 

In  all  tht/se  observntlons  it  is  supposed  that  the  watch  moves  uniformly 
according  to  <i])parcnt  time,  measuring!  twenty-four  hours  from  the  time  of  the 
sun's  passing  the  meridian  on  two  successive  days  at  the  same  place  of  obser- 
Tatton.  If  me  watch  gain  or  lose  on  apparent  time,  supposing  the  observe? 
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in  fir  af  rrst,  a  cnrrrction  must  hoapplird  forthc  {^nin  or  loss  diirinj;  thp  lime 
flapscd  lu'fwoeii  th«'  observations,  so  as  to  nhfain  arruratrly  th»*  f lapsed  tbivR 
r.i  hoar  amxh .  It  is  not  ret^uirvd  thatthit  uatrli  vlnmld  be  regulated  so  as  to 
giv  e  precisely  the  kouT  of  obiervatioa;  the  only  Uiing  required  b  to  Ibid  th^ 
rlt^tid  ftme  nvitfa  all  posaible  accuracy. 

Form  II . — DovbU  AUUude$  of  a  Star. 

Double  altitudes  of  a  fixed  star  may  be  used  in  finding;  the  latitude,  aod  the 
Calculation  is  almost  identiral  with  that  of  double  altitudes  of  the  sun  ;  the  on- 
ly difference  consists  in  adding  a  small  correction  to  the  elapstni  apparent  time, 
between  the  obaenratkms,  on  aeeoant  of  the  daily  aocderatioii  of  56"  in. 
the  time  a  star  comes  to  the  meridian  on  sueeeesiTedaya.  This  correettonla 
obtained  tti  a  snfttcient  deo;ree  of  accuracy  by  addifip:  ouf  srroml  for  every  sir 
minutes  of  the  elapsed  time;  the  sums  will  be  the  correcttd  ttap.<<f,i  timr  or 
hour  ttngle^  to  be  used  in  the  calculation,  either  by  tlic  ^rstt  second  or  third 
method.  Thus  if  the  ehipsed  tune  was  flh.  or  I  SOm.  the  eoirection  would  b& 
1^*  or  80*,  makhii;  the  corrected  elapsed  time  or  hour  angle  dh.  0'  30".  If 
great  acruracy  is  required,  find  the  correrlion  in  Table  XXXI.  in  the  column 
fnarked  at  top  .H'  TiK  ,  and  at  the  side  with  the  elapsed  time.  In  the  precedil^ 
example,  this  Table  would  give  iQ"  for  the  correction,  instead  of  30''. 

In  observations  of  a  llxed  star  the  altitudes 'are  to  be  coiTected  for  dip  and 
refraction,  as  in  finding  the  latitude  by  a  meridian  altitude.  The  declination 
of  the  star  is  to  be  frmnd  in  TaM'-  VIIl.*.  With  tliesc  nllitndes,  the  declina- 
tion atid  the  hour  aMp;le,  the  calculation  is  to  be  made  by  either  of  the  thrc,^ 
method.s  hereafter  given. 

The  chief  dilBcu^  in  olwervations  of  this  kind  with  a  fixed  star  is  the  want 
of  a  good  horizon  in  the  night  thne.  The  method,  however,  mi^iit  somft- 
times  hv.  used  with  success,  so()n  after  the  dawn  of  day,  or  late  in  the  even- 
ing twilight,  at  a  time  when  \\\c  iiorizon  is  well  defined.  ;md  the  star  sufficient- 
ly bright  to  bring  its  reflected  image  to  the  horizon.  Soro  'times  a  good  hori- 
son  is  produced  by  the  aurora  borealis,  in  which  case  a  good  observation 
might  he  made  with  stars  in  the  northern  horlson,  but  a  single  observation  of 
the  polar  star  will  answer  the  same  purpose,  and  be  much  moretimple. 

Form  Ul.—Jhni^/r  Altltudts  of  a  Planet. 
Double  altitudes  of  a  planet  (pai  ti(  ularly  Jupiter  and  Venus,  on  account 
of  their  ^reat  brightness)  might  soinelimes  be  used  with  success.  The  ob- 
served altitudfla  must  be  corrected  for  dip  and  refraction.  Tlie  parallax  an4 
seml-diameter  being  small  may  be  neglected,  exoqpt  in  cases  where  extreme 
aecurary  is  refpiired.  The  declination  of  the  planet  is  to  be  found  in  page  IV. 
of  the  Nautical  Almanac,  for  the  supposed  time  at  Greenwich.  The  daily 
variation  of  the  lime  of  comuig  to  liie  meridian  is  alho  to  be  fouud  in  tht) 
same  page  where  the  hour  is  marlced  at  intervals  of  6  dajs.  and  thus  the  time 
€ia|Med  Eetween  the  passage  of  the  planet  over  the  meridian  on  two  succes- 
sive days  is  found;  then  t£e  corrected  elapsed  time  or  Aotir  allele  is  obtained 
by  the  following 

Rule.  As  the  inltrml  of  time  between  two  successive  passages  of  ike  ol/eci 
6veT  the  meridum  if  f o  t4  Aowrv,  to  it  Ifte  apparent  eitmsed  Urns  behseen  the  ob- 

servatiuns,  to  the  corrected  elapsed  time  or  hour  cmgte:  Or  more  simply  by 
means  of  Table  XXXI.  findinp;  the  daily  variation  in  the  time  of  rominsj 
to  the  meridian  at  tiie  topf  and  the  elapsed  time  at  the  side,  the-  corri-spond- 
ing  correction  is  to  beonfetf  to  the  elapsed  time  when  tbe  time  of  commg  US 
the  meridian  is  earlitr  on  successive  dtays,  as  is  generally  the  case,  but  ttk- 
traded  if  later,  the  Bom  or  difl^renoe  will  be  the  corre<Aed  elapsed  tim*  or 
hour  iinfrlf  nearly. 

With  this  hour  angle,  the  declination  and  corrected  altitudes,  the  latitude 
may  he  found  by  either  of  the  three  following  methods  of  calculation. 

•  Or  nuirc  ncctiratelv  in  tbe  Nautical  Almanac,  if  ujr  one  of  tbe  twenty-four  brii:h(  »Un>  is  obserred, 
wbow  place  is  given  lo  ifiat  worli. 

t  If  the  ttoUy  Twri«U»»  be  Umui  S  l«2  wimMw,  whkii  to  ib<  > wH—t  to  the  tabK  ywi  mma  nwagbN 
tk«dMly««riiClm1vtor8^fce.udilIvUo  Um  rantt  bf  Om  «ttMBWsSW,iiadltht«aerMAa  wlMo 
vboOacd. 
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Form  IV.— IMfe  AUitudea  of  the  Moon. 

Double  altididrs  of  tho  moon  may  also  he  used  in  findinjj  i\\c  I;iti- 
fiulc.  Thoso  observations  may  be  easily  ami  very  accurately  made,  hut  liir; 
calculation  is  much  more  complex  than  any  of  the  preceding  methods,  on 
account  of  the  great  change  in  the  moon's  declination  and  nght  ascensioii, 
during thedapsed  time  between  the  observations.  If,  however,  by  the  tunesof 
observation,  and  the  longitude  of  the  ship;  or  else  by  a  chronometer,  the  time 
lit  Greenwich  can  !)e  obtained  witliin  a  few  minutes;  we  may,  from  pages 
VI.  VIL  of  tlie  Nautical  Almanac,  find  the  correspondmg  declination,  semi- 
diameter  and  liorisontal  fiarallaz  of  the  moon  for  tmk  of  theae  obserrations. 
With  the  horizontal  parallax  and  the  moon's  apparent  altitude,  find  the  cor* 
rection  in  Table  XIX.  %vhich  beinp;  subtracted  from  59'  42",  leaves  the  cor^ 
rection  of  the  moon's  altitude  fur  parallax  and  refraction,*  which  is  to  be 
added  to  the  corresponding  observed  altitude  corrected  for  aemi^diameter 
and  dip,  and  in  this  way  the  moon's  correct  central  altitude  u  to  be  obtained 
at  each  obser^  ation.  Lastly,  tlie  time  of  the  moon's  passing  the  meridian  on 
successive  days  in  paj^e  VI.  of  the  Nautical  Almanac,  p;ivrs  the  interval  of 
time  between  two  successive  passages  of  the  uicon  over  the  meridian,!  and 
Mt»  iimt  if  to  f4  hmm  at  fUe  dieted  tmt  hUwem  ^  oftwrnsf Ibfu  it  to  lliie  cor> 
rected  dcqtsed  time  or  how  angle.  With  dus  hour  angle,  the  correct  central 
altitudes  and  the  declinations,  the  latitude  may  be  found  by  the  third  of  the 
following  methods  of  calculation,  it  being  very  rare  that  the  tAvo  first  methods 
can  be  used,  on  account  of  the  great  change  in  the  moon's  declination. 

Form  V. — By  altitudes  of  two  different  objects,  takcti  ot  the  same  timr. 

The  latitude  may  be  obtained  by  observing,  at  the  same  moment  of  /tmt,  tlic* 
altitudes  of  two  heavenly  bodies:  as  for  example,  (1)  The  sun  and  moou4 
(9)  The  moon  and  a  Axed  star  or  planet,  (d)  A  planet  and  a  fixed  star. 
(4)  Two  planets.  (5)  Two  fixed  stars.  In  these  methods  the  altitudes  are 
to  be  corrected  as  in  the  preceding  Forms,  for  dip  and  refraction ;  also  for 
parallax  and  semi-diameter  when  necetisar^ ,  as  is  always  the  case  in  observa- 
tions of  the  moon  and  sun.  The  declinations  of  the  bodies  are  to  be  found 
for  the  supposed  time  of  observation,  reduced  to  the  meridian  of  Oreenwieb« 
by  means  of  the  Nautical  Almanac,  or  by  Table  VIII.  for  the  fixed  stars,  as 
before  taught.  Then  the  ditference  of  the  right  ascensions  of  the  bodies  (or 
tliat  diiference  subtracted  from  £4  hours,  if  it  exceed  1£  hours)  will  be  the 
hour  imgk  which  is  to  be  used  with  these  declinations  and  correeted  altitudes 
in  findiog  the  latitude,  by  cither  of  the  two  flrst  methods  if  the  declinations 
should  he  equal,  or  differ  but  one  or  two  minutes,  otherwise  by  the  third  rac- 
lliod,  which  in  fact  may  be  considered  as  the  only  method  to  be  used  in  this 
kind  of  observations,  because,  iu  almost  all  cases,  ihc  dechnatlons  of  the 
objects  diffsr  considerably. 

Fojui  VI.— j^f  aHUudeM  of  two  different  c^ftetSt  taken  within  o  few  nMiuteg 

of  each  other,  (y  one  oteerver. 

It  may  sometimes  happen,  for  want  of  two  good  instruments,  or  from  not 

having  two  observers,  that  the  ]>receding  Form  V.  cannot  he  employed.  In 
this  case  the  whole  of  the  observations  may  be  made  by  one  person,  noticing 
the  interval  between  the  observations,  and  making  the  calculation  as  in  the  fol> 
towiiic  Form  VII.  But  it  is  in  general  much  better  to  make  tiie  observatkms 
'as  near  to  each  other  as  possible,  and  then  by  a  very  simple  process  thecal* 
culation  may  be  reduced  to  that  of  Form  V.  in  which  the  observations  are 
taken  at  the  same  moment.  This  is  done  by  observing  the  first  objtct  twice, 
before  and  after  observing  the  second  object.  For  if  the  interval  of  time  be« 
tween  these  three  obaervatioiis  are  equal,  as,  for  example,  one  minute,  or 

♦  When  ♦•xtreme  ncrurary  is  not  rpquircci,  we  may  find  ihc  corrwlioo  for  pamllax  atni  refraction  from 
Ta'jlo  XXIX.  which,  if  Ujc  altitudes  are  hiig^e,  will  Dol  %ary  mocb  from  the  truth. 

t  Tlitsi  time  is  ^iv*>ti  to  minutes  which  in  general  U  sut5cient,  Itccaute  if  tha  elapsed  tiooe  it  «r^wU^ 
the  rflbct  of  ibia  correction  woukl  be  oolj  a  few  necoiidt.  It  mirfat  be  otKainetl  mora  accurately  by 
nieans  of  the  right  ascensions  of  the  sun  and  moon,  usinp  the  MMroiiddifTerences,    tanslll  in  the  ApMSMMx. 

t  A  partlcolar  ease  ot  this  metbod  ocean  in  takiav  •  lunar  ob.<ervatidn,  which  wnTbe  (rratcd  m 
n>^>}i  b<SWK  Ur  diiumce  of  Ui«  tw^  )x>dici  being  feDovn,  tbe  caicutathm  bccooNS  mm  •inj'lei 
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tiro  minutes,  the  half  sum  of  the  two  altitudes  of  the  first  ohjcel  may  t« 

takfjn  for  tht*  altitude  corrospondinR  to  the  time  of  observing  the  second  alti- 
fddo,  and  the  calculation  may  then  be  made  as  in  Form  V.  Thus,  suppose 
at  lOh.  2m.  A.  M.  per  watch,  the  altitude  of  Sirius  was  17^  54',  at  lOh.  4m. 
per  watch  the  aldtade  of  Capella  60^  and  at  10h»  6m.  per  watdi  the 
altitude  of  Sirius  vrtm  again  observed  and  found  to  be  17^  bw'.  In  tlus  case 
Ihe  intervals  of  time  are  exactly  two  m!iiut«"<,  tlnTi  fore  tlu*  half  sum  of  thf 
Altitudes  of  Sirius  is  to  he  taken  17^  56',  and  combined  with  the  altitude  of 
Capella  60^  45',  supposing  both  to  have  been  obwrredatl0h*4a.  perwatch, 

is  the  most  shaim  form  in  which  an  ohaervation  of  thk  lu^ 
by  one  observer. 

If.  from  any  causf  whatever,  the  ohsorvations  cannot  lie  taken  at  exactly 
equal  intervals,  the  altitude  of  the  first  object,  at  the  time  of  observing  tlie 
second  object,  mav  be  found  by  proportion,  supposing  the  altitudes  to  vary 
m&hmXf  during  the  few  mmutes  of  the  obaervations.  Thus  in  the  preeeding* 
example,  suppose  the  altitudes  and  the  two  first  noted  tinif^  to  remain  un- 
altered, but  the  last  observation  of  Sirius  to  have  hwn  at  lOh.  lOm.  per 
watch,  (histcad  of  10b.  tim.)  In  this  case,  during  the  8  minutes  of  time 
elapsed  between  lOh.  Sm*  and  lOli.  10m.  Sirius  would  have  risen  4'  (from 
17^  54'  to  17^  58'),  therefore,  by  proportion,  it  is  found  that  in  t  minutes 
(the  tim«'  ^lapsed  hetwprn  lOh.  2m.  and  lOh.  -Im.)  the  star  would  have  risen 
J',  and  the  altitude  would  have  increased  from  17°  54  to  55':  therefore 
at  the  time  lOh.  4m.  per  watch,  the  altitude  of  Sirius  must  be  taken  at  170^5', 
the  altitude  of  Capella  60O4y»  and  with  these  (piantities  considered  as  ob- 
served at  this  last  mentiotted  time  lOh.  4m.  the  ^leulation  must  be  made  at 
in  Form  V. 

There  ere  several  advantages  attending;  these  two  last  Forms  V .  VI.  since  uo 
allowance  is  necessary  for  the  change  of  place  of  the  ship;  the  observations 
cjao  be  immc<UateIy  made,  itk  a  short  interval  of  fair  weather,  when  the  com* 
mon  method  of  double  altitudes  might  fail  froin,thc  interventioo  ofdouds; 
the  time  can  also  ho  obtained  at  \\u'  same  operation,  kr. 

Form  VII. — Bu  altitudes  of  two  dUferent  objects^  taken  at  different  tintes. 

This  method  wers  but  very  little  Irom  the  two  last ;  the  altitudes  tfre  to  be 
corrected  in  the  same  manner  for  dip  and  refraction,  also  for  parallax  and 
semi-diameter  Avhen  necessary.  The  right  ascension  and  declination  of  earfi 
object  is  to  bo  found  for  the  supposod  tiino  of  observing  that  object  reduced 
to  the  meridian  of  Greenwich.  Then  tlie  apj)arent  eUipsed  time  between 
the  observations,  is  to  be  turned  into  sidereal  time,  which  may  be  dpne  with 
.•sufficiejit  accuracy  as  in  the  Form  II.  by  adding  one  $eeond  for  every  six  minuie$ 
ft{  the  elapsed  time,  the  tinn*  \h\i<  rorroctod  is  to  be  added  to  the  right  asceui- 
ii\on  of  the  body  first  observed  :  the  diflVrcnco  between  this  sum  and  the 
right  ascension  of  the  body  last  observed  is  the  hour  angle.*  This,  with  the 
decimations  and  corrected  altitudes,  are  to  be  used  in  finding  the  latitude  by 
the  third  of  tho  following  methods  of  calculation,  it  being  very  rart  ly  tfi»» 
case  that  the  fir?*t  or  second  methods  can  be  used  on  acoount  of  the  difler- 
ence  of  the  declinations.  These  three  last  forms,  when  a  fixed  star  or  planet, 
is  used,  are  restricted  very  much  from  the  want  of  a  good  horisoD  m  the 
night;  they  are  brat  adapted  to  the.mommg  and  evenmg  twilight. 

GENERAL  REMARKS. 
Having  thus  explained  several  of  the  different  firm  of  making  these  ob- 
servations, and  the  manner  of  ftmUng  in  each  form  the  hour  onrle,  the  declina' 
tions  and  the  corrfct  central  altitudes,  we  shall  now  give  threo  difforent  n\othods 
of  calculating  the  latitude,  and  shall  illustrate  the  rules  by  proper  examples. 
In  the  first  and  second  methods  tlie  declination  is  supposed  to  be  the  same  at 
both  observations,  which  is  true  as  it  respects  obs«»vatioiis  of  a  Hxod  sfar, 
and  is  in  general  sufficiently  co^ect  for  common  observation'*  ofdoiihlo  alti- 
tudes of  the  sini.  The  first  of  those  methods  is  direct  and  simple,  ncit 
emk>arrasHed  with  much  variety  of  cases,  requiring  onlv  ten  openings  of  the 
Table  XXVn.  without  any  halving  or  doubling  of  the  logarithms,  or  the  use 

J  *  if  thi(  diffrrrncc  exceed  12  boon^  nibtrict  H  firom  24  lumr*,  «ocl  use  tbe  renutiodrr  w  in  /•/■m  r«  < 
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of  natural  or  vrrsrd  sinos.  This  method  is  in  fart  nearly,  if  not  fullj%  as  shorf 
as  the  upcond  or  approximative  metliod  invented  hy  Mr.  Douwes  and  which 
was  exclusively  used  in  tlie  former  editions  of  this  work.  This  second,  or 
Douwes*  metbod,  is  liable  to  the  objection,  that  the  calculation  most  some- 
times be  repeated  seTcml  times  hefof<e  a  true  sohiiio!!  can  be  obtained,  and 
then  it  becomes  eirtrcniely  troublesome.  This  diHiciilf  y  does  not  occur  in 
the  first  method,  and  on  this  account,  as  w«U  as  for  its  remai  kable  simplicity. 
It  is  always  to  be  preferred. 

The  Mrd  method  embraces  the  general  solution  of  the  problem  in  the 
case  where  the  variation  of  declination  is  noticed.  This  increases  the  labour 
eOnsiderably,  and  renders  the  solution  more  complex  in  its  rases.  It  is,  how- 
ever, believed,  that  this  method  (drawn  up  in  its  present  form  by  the  author 
of  this  work)  will  be  easily  miderstood  b^  navigators,  and  that  they  wjU 
thus  be  enabled  to  determine  the  latitude  with  considerable  accuracy  in  CMSS 
wbere  it  might  1)»*  <>f  ilic  utmost  importance  to  know  it,  and  whrre  other  me- 
thods could  not  be  resorted  to  on  account  of  bad  weather.  This  method  is 
nearly,  if  not  quite,  as  short  as  that  published  by  Dr.  Brinklcy  in  the  Nautical 
Almanac  of  18t5,  and  does  not  require,  like  his  method,  a  second  or  third,  or 
even  a  ^'  ^^ater  number  of  operations. 

If  the  observer  should  change  his  place  or  station  durinp;  the  elapsed  time 
between  the  ohsrr\  ations,  a  correction  must  be  applied  to  one  of  the  altitudes 
on  this  account.  The  manner  of  doing  this  is  shown  in  the  following  exam- 
ples V.  and  VI. 

It  may  be  observed,  that  in  like  manner  as  there  are  two  latkndet  coriet' 

p'ondint:;  to  tlie  same  meridian  altitudi'  of  the  sun,  accordhig  as  the  zenith  is 
north  or  south  of  the  sun  when  on  the  meridian  ;  so  in  double  altitudes  there 
are  generally  two  latitudes,  corresponding  to  the  proposed  altitudes,  accord- 
inf  at  thesenith  and  north  pole  are  on  the  same -side  or  on  different  sides  of 
the  arc  or  great  circle  passing  through  the  two  observed  bodies,  or  throi^hthe 
two  places  of  the  same  bofly ;  and  it  therefore  becomes  necessary  to  notice 
(at  the  time  of  observation)  how  tlic  zenith  and  north  pole  arc  situated 
'with  respect  to  this  great  circle. 

To  estimate  the  efftct  of  tnudl  errors  in  the  obsertalious, 
"When  running  in  with  the  lan^  or  crossing  a  dangerous  parallel  with  no 
diher  means  of  obtaining  the  htitude  than  by  double  altitudes,  it  becomes  a 
matter  of  great  importance  to  -iscertain  the  possible  error  of  the  latitude  thus 
romputed,  arising  from  sumxjsed  errors  in  the  observed  altitudes,  or  in 
the  elapsed  time.  The  difierential  expressions  in  spherical  trigonometry' 
afford  methods  of  doing  this,  but  they  are  not  adapted  to  the  nature  of  this 
work,  on  account  of  the  complication  and  variety  of  cases.  The  follow- 
ing method,  though  long,  is  general  aud  infallible,  and  was  once  used  by  the 
writer  in  a  case  of  great  anxiety  and  danger. 

Rule.  After  having  computed  the  latitude  hv  either  of  the  three  follow* 
ing  methods,  using  the  observed  altitudes*  and  dapsed  time,  repeat  the  opera- 
tion, vnryiTit;  the  altitude  you  suspect  may  be  erroiu'ous  by  2'  or  .S ,  (or 
whatever  you  supp»>se  tlu-  limit  of  the  error  in  that  altitude  may  be)  the  dif- 
*  ference  between  tiiis  second  latitude  and  that  first  computed,  is  the  cfTiHit  of 
t\m  supposed  error  in  that  altitude.  If  you  suspect  the  second  altitude  also 
10  be  erroneous,  the  operation  may  be  again  repeated,  varying  tlits  second 
altitude  2'  or  3'  (or  whatever  the  limit  may  be  supposed)  but  usinj;  the  first 
observed  altitude  and  e|;ipsed  time,  c«)nij)aring  this  third  computeii  latitude 
witli  the  Jirst^  the  dilFerence  is  the  eflect  of  this  supposed  error  in  tlie  second 
ihHudeb  Fliially,  if  the  elapsed  time  is  supposed  to  be  erroneous,  the  opera- 
Ihill  taXf  be  again  repeatra,  using  the  oI)served  altitudes  and  VBr]ing  the 
elapsed  time  by  £0  or  30  seconds  (or  whatev»'r  the  limit  of  this  error  may  be 
supposed)  the  difference  between  this/our//i  latitude  and  \haijirst  computedt 
is  the  effect  of  this  suppo.sed  error  of  the  elapsed  time. 
Thus,  suppose  the  Arst  computed  latitude  was  30°,  the  seeond  SO^  I',  the 

»  MiMiUog  Uae  otoMrfcd  altituiks,  conected  u  itsu«l  for  dip,  nrCmciioo,  ptnUaa  ud  sMDi'^aMinj  U 
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fWrd  30°  S',  the  fotntli  80°  2'.  The  error  arising  from  the  first  altitude  would 
1»c  1',  that  from  the  second  .illitiKh'  3'  and  that  fntni  th*'  rlapsnd  time  5*'. 
IS  aJl  these  errur:»  t'xii»tcd  nt  the  same  linits  the  greate^it  liinit  of  the  error 
would  be  the  sum  of  these  quantities  or  6',  so  that  the  true  latitiide«would  be 
90^  +  6'  or  between  £9^  and  30^  6'.  In  this  way  the  limit  of  the  error 
may  he  o!»t.iined  in  any  case,  and  the  dejsjree  of  confidence  that  may  he  phiced 
in  the  ohservation  ol)t;tiin  d.  Tliis  examination  is  :»ometiinrH  vrry  necessary, 
because  the  objects  may  be  so  situated,  that  a  small  error  iu  the  observations 
might  produee  a  conriwable  change  in  the  eomputed  latitudia.  It  mav  be 
observed  that  the  error  6f  one  ohservation  is  frequeiitlj  corrected  in  whole 
or  in  part,  hy  \hv  error  of  the  other ;  the  one  tending  to  mcreaso  the  lati* 
tudc,  the  other  to  decrease  it. 

Tojind  t)m Latitude  bij  Douhh  Altitwhs  of  the  Sun  (or  anjf  othtr  ohjertj 

the  drclinutiun  biinu;  invariable. 

FIRST  METHOD. 
In  tliis  method  tiie  log-sines,  co-sines,  ^c.  of  Table  XXVII.  arc  used, 
aod  for  brevity  the  word  log.  is  omitted  in  the  rule.  For  the  cooTenlenoe 
of  writing  down  at  once  in  the  same  Uoe  all  the  Io;!;arithmB  whirJI  oeeur  it 
the  same  opening  of  the  l>ook,  the}' are  arranged  in  three  oolumnf,  as  in  the 
ibilowine  formula,  and  it  will  be  very  convenient  to  ha>  e  ouc  of  these  blanka 
preparecTat  the  commencement  of  the  operation,  and  then  the  logarithms 
Jnajr  be  written  down  in  their  proper  places  with  great  rapidity. 

FORMULA. 

Col.  1.  Col.  t.  Coi.  3. 


£lap5cd  time  (r.  .m] 

co-sec 
.sec. 

*  ••••••  •••• 

•  •  • 

>eo-Me. 

eo-iine 

eo-tine 

co«sec. 

B 

sine 

see. 

>nae 

eo-sioe 

55  IL«*'  'f''">n  'V)\ti(>rUi or»ou(h  likcln'ni in'; 
of  Zi'iiilli.) 

sec. 

Z 

MMflMUDe, 

B 

co>8ec. 


[0  len  thm  80*, 


Latitude.* 


Rule.  (UrngTAkJOSyil,) 

1.  Find  the  elapsed  time*  in  column  P.  M.  take  out  the  corresponding 
C<l-secant  and  pnt  it  in  Col.  1. 

2.  Put  the  secant  of  tlie  declination  in  Col.  1,  its  co-seeant  in  Col.  .•5. 

S.  The  sum  of  tiie  logarithms  in  Col.  1,  (rejecting;  10  in  the  index)  is  the 
eo-secant  of  the  ande  A,  whose  co-sine  is  to  be  puCin  CoL  2  and  Col.  d.f 

4.  The  sum  of  the  logarithms  in  Col.  ti.  (rejecting  10  in  the  index)  is  the 
<<o-secant  of  the  an^le  B  (less  than  M^)  which  is  to  be  named  worth  or  sqmA 
like  the  declination.  • 

5.  Find  half  the  sum  of  the  two  altitudes;  place  \U  co-sine  in  Col.  1,  its 
eo-secant  in  Col.  S.  Find  also  half  the  difference  of  the  two  altitudes ;  place 
its  sine  in  Col.  1,  its  secant  in  Col.  2. 

6.  The  sum  of  the  three  lower  hij^arithms  of  Col.  1 .  (rejecting;  in  the  index) 
is  the  sine  of  the  anele  C,  wln)se  co-sine  is  to  he  [»l,!ce<i  in  Col.  2,  and  Col.  a.f, 

7.  The  sum  of  Uie  logarithms  in  Col.  i.  (rejecting  SO  in  the  index)  is  tlie 
decant  of  the  zenith  angle  which  n  to  be  taken  out  (less  than  90^)  aad 
placed  under  B  in  Col.  S,  nrimins:  it  north  if  the  zenith  and  north  pole  be 

*  y»ny  ..ih.  r»bjeatta»ifc»%aiitoQiM»rwi.ih«<>mcMciM^ 

Ma^ht,  it  lo  l>c  luted. 

each  cumple  from  I7  \o  15.  *  ^ 
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sitnat«^d  on  the  same  side  of  the  arch  or  jcroat  circle  passinf;  throup;h  the  two 
obijcrved  places  (or  objects),  hut  south  if  liie  zenith  aud  north  pole  be  situated 
on  diffirmt  sides  of  that  great  circle.* 

8.  The  anf;1e  £  is  found  by  taking  the  sum  of  the  angles  B,  Z,  if  they 
ore  of  tho  samr  name,  or  their  difference  if  nf  different  names,  maiking  E  florl4 
HT  south,  Wki-  ihv  greatest  of  the  two  anj^les  B  or  Z.f 

9.  Put  tile  sine  of  K  in  Col.  S.  and  th<>  ^um  of  tlie  two  last  written  loga- 
ritiiins  of  Col.  8.  (reji  cling  10  in  the  index)  is  the  sine  of  the  latitude,  of  the 
same  name  as  E. 

If  the  time  of  obs«  r\  ation  were  required,  it  might  be  found  by  the  foUowiag 
rule  (still  using  TabU-  XXVII.) 

Rule.— >Add  the  tangent  of  C  to  the  secant  of  E,  the  sum  (reierting  10  in 
the  index)  is  the  tangent  of  an  angle.  Take  oat  half  ^  eorresjiy  i )  ding  tiine 
in  Col.  p.  M.  (or  in  Col.  A.  M.  increased  by  12  hours)  and  ^s  will  represent 
the  horary  distance  of  the  ob'crt  from  the  meridian,  (upper  or  lower)  at  the 
middle  time  between  the  two  observations.  Take  Ibe  sum  and  difft  rence 
between  this  and  half  the  elapsed  tIo?e,  or  hour  angle,  and  they  w  ill  be  tlte 
I  hours  and  minutes  distance  from  the  meridian  corresponding  to  both  observa- 
tions, expressed  in  apparent  solar  time  if  the  sun  be  observed,  sidereail  tune  if 
a  star  is  observed,  kc. 

EXAMPLE  I. 

Being  at  sea  in  latitude  4G°  60  N.  by  account,  when  the  sun's  declina- 
tion was  11^  17'  N.  at  lOh.  £m.  per  wateh,  in  the  forenoon,  the  sun's  correct 
central  altitude  was  46'^  C>5^  and  at  llh.  27m.  per  watch,  in  tlie  forenoon^ 
the  correct  central  altitude  was  ri4^  0'.    Reqtiired  the  true  latitude? 

Subtracting  lOh.  em.  from  llh.  i27m.  giv(  s  the  elapsed  tune  ih.  £0m. 

Col.  1 .  COJL.  2.  Cou  3. 

£lap.  time  [p.m.]  lb.25m.  co-scc.  10.73430 


Beelittatioa  lloi7'N.  ..lee.  10.00848 


A  co-see.  10.7427dico-sine  9.99278 


alls.  60  32  co-fine  9.80320 


i  diC  alts.    3  37 



.sine  8.79970 
.sfaie  9.34568 


2  [Less  than90o«Bdll.or&ttkebMrUicor 
tfofiii^crnrfaua«.] 


I  DkMe,  diffltrtnot 


co-3ee.  10.112)9  Bll098'N.e04ec.  10.70199 


sec.  10.00087 
co-sine  9.93907 


eo-nc  10.70850 
cosine  9.99i7S 


IB  lets  ibnn  'M",  ivuned 
H.«r8.lilMdBd.) 

...co-ahie  9.98907 


10.09511  Z  36  33  N. 


£48  01 N. sine...  9.S7119 


Latitude  4B  27N.aiae...  9.8fi096 

If  the  swi  had  passed  the  meridian  to  the  north  of  the  observer,  Z  would 

have  been  56^  33  S.  and  E.  -i:,"^  0'  S.  whosr  sine  8.8t730  added  to  cos.  C 
8.98907  gives  th<'  sine  of  th«'  laliJml''  0,flir,.-i:.  rnrn-spondinjj  to  ,!4^  -Ij  S. 

In  the  lirst  case  (in  north  latitud«  )  (he  tangent  of  C  y.5Dt)40  added  to  the 
secant  E  10.17463  gives  9.53103,  uhich,  in  the  tangents,  corresponds  to 
fth*  80m.  nearly,  whose  half  Ih.  l&m.  is  the  time  of  the  middle  observation 
from  noon;  adding  and  subtracting  half  the  elapsed  time  42m.  30s.  gives  tlie 
times  from  noon  lb.  57ni.  .^Os.  and  nh.  S2in.  SUs.  of  the  ol)servations.  a  sraall 
difl'erence  would  be  found  if  the  calculation  had  been  made  to  seconds  instead 
of  the  nearest  minute. 

EXAMPLE  n. 

At  sea  in  the  latitude  of  47^  19'  N.  by  account,  when  the  sun's  de<  ]In:ition 
%vas  \SP  16'  N.  at  lOh.  iim.  A.M.  per  watch,  the  sun's  correct  central  alli- 

•  Is  observnvHiM  of  tbe  tuo  the  an^le  Z  mmt  in  grnenil  be  rallcci  iMrtA,  if  ilir  x««itb  be  m»rtk  of  llie 
■p  wben  on  tb«  merblba  m  Iu  grmtest  uthotir.  boi  mmtk  U  the  vuMtt  be  dieii  loath  of  tbeiRB. 
When  the  altlMt  MUMt  the  mnldliin  armt  the  tralih,  it  niav  be  dwidiUiil  wkcther  tt  be  MtM  «r  — rt, 
the  Miio«i«  nay  be  compnteri  npua  bolb  ni{>(M>iiiti<  •tu.aONl  that  one  u/kUtd  wbtA  acntt 


iBWbiChl. 

hen  with  tb*  e^iinuUfd  plue'of  the  sfitp.  aitti  ihi«  fUm  "ialxmr  i%  vers  <mnll  But 
^cct  pacing  nt- ar  .be  teshh,  are  liable  to  Krcai  erroi-s,  ami  baU  beuer  be  relcctrtt. 

<tTl^  case  b  easily  i«mwb«re4,^MMiMt  la  ib»Smlctt^  aodiTlleflnilMteror 
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tirdc  was  40^9',  nt  ih.  1  hii.  P.  M.  per  watch»  bis  eorrect  centra] aitttade wad 

51^  ^>9'.    R.Mjuired  tlu?  latittidt-  / 

Subtracting  lOb.  ;I4m.  from  ih.  1  im.  increased  by  l-Zh.  leaves  the  elapse^l 
time  th.  Mm. 

Col.  I.  Col.  S.  Col.  3. 

Elap.  time  (p.m.]  2h..?0jii.  co-scc.  10.44077; 

declination  12^16' N.  ..sec.     10.010031..  ..co-sec.  0.6727-^ 

Xco-Moe 


10.45080 


I  mm.  alts*  50  34  .....eo-iine  9.0O99O|eo-tM.  10.I19I8|B 

i|aiCal(5.    1  25  une  8.39310 

C  


7  [Lrtt  Ham  90^  and  N.  or  S.  like  bcviu|r  of 

Z»'nltli.] 

lb.  li  mm  of  li,  Z.  if  of  umt  name,  difftrtnu 


9.97097 


B.  10. 
sec  10.00013 
.aiae     8.64680  eo^  9.999581 


iaP08^N. 


B  9.97087 
1. 10.64359 


[B  tan  tban  90",nMncd 
ll.OT8.liktded.] 

9.9995d 


sec. 


l0.08d76.Z  34  16  N. 


E47  2  t  N.siiie. 


^.?6694 

Ltilitudc  47  -20  N.sinc...  9^8b6o2 
If  the  sun  had  passed  the  meridian  to  the  north  of  the  observer,  Z  would 
have  been  34*=>  16  S.  E.  21^  08'  S.  its  sine  9.55695  added  tocos.  C  9.9995S 
gives  9.d565S,  the  sine  of  the  latitude       7'  S. 

Ifthc  observed  object  in  this  example  had  been  a  fixed  star,  with  the  same 
declination  12^  IR'  N.  tin*  samr  altitudes  VJ^  9',  Ol^  DO',  but  the  elapsed 
time  ih.  49m.  32a.,  the  calcuiatjon  would  have  been  exactly  as  above.  For 
bgr  adding,  according  to  the  rule  heretofore  given,  one  uemtd  for  e^ery  sir 
mmutes  of  elapsed  time,  wUdi  in  this  case  would  be  28  seconds,  the  correctejf 
elapsed  time  would  he  ::h.  50m.  and  every  part  of  the  work  would  be  as  above. 

If  the  planet  Mars  had  lu'i  n  oh-erved,  at  the  ^:\mo  correc  ted  altitudes,  Ott 
the  lyth  June,  I8:iO,  in  a  place  wiierc  iiis  declination  at  the  middle  time  be- 
tween the  two  observadoDS  was,  by  the  Nautical  Almanac,  IfP  lO'  N.  and 
the  elapsed  time  2h.  49m.  46s.  the  calculation  would  still  be  the  same.  For, 
by  the  Nautical  Almanac,  it  appears  that  Mars  pas«'es  the  meridian  on  tlm 
igth  and  '2oih  of  June,  at  \h.  Mm.  and  Ih.  9in.  arcelerating  «  minutes  per 
day.  This  being  less  than  the  numbers  in  Table  XJCXI.  is  to  be  doubled  (t« 
in  note  to  Form  ul.)  and  the  elapsed  time  bemg  found  at  tRe  side,  the  corres- 
ponding; correction  28"  halved  and  added  to  the  elapsed  time  2h.  49m.  468. 
gives  the  hotir  angle  ih.  50m.  to  he  u^ed  .i^  above,  all  the  work  beinp;  the  saraO. 
Proceed  in  like  manner  if  the  niuoa  was  observed  at  a  time  when  the  declina- 
tion varies  but  litUc. 

EXAMPLE  III. 

Being  at  sea,  in  latitude  50^  iO'N.  by  account,  when  the  sim's  dechnatlou 
was  20^0'  S.  at  lOh.  I7ra.  A.  M.  per  A\atrh,  the  sun's  correct  central  altitmh: 
was  found  to  be  17°  IS',  at  lib.  17ni.  per  watch,  the  correct  central  altitudo 
was  found  to  be  I9<>  41'.   Requu-ed  the  latitude  I 

Subtracting  lOh.  17m.  from  llh.  17m.  gives  the  elapsed  time  Ih. 

Col.  1,  I      Col.  9. 

Klap.  ti.  [p.m.]  Ih.  Om.   co-sec.  10.884301 
Declination  2U  O'  S.     sec.  ..  10.0^701 


10.91131 


cosine   9.99690  .»eo^e  9.9%70 


4amnahs.l8  97       co-sine  9.97708  co-sec  10.49966 
j|di£alti.  1  14.*..sfaie..  8.33892|«ee.' ..  10.00010 
C  


iSm..  9.99131 


Z  tLest  than  90"  and  N.  of  8*  like  beviu 

of  Zenith.]  . 


9.99390 


sec  ..  10.49036 


Col.  3. 

co-sec.  l0.46:i9J 


B  SOCIO' S. 


10.46869 


Z  71 


[B  lr«  than  n«m«t 
N.  or  b.  Uke  di-cj 

....eo-sine  9.9939IP 
8  N. 


E  50  58  N.  shit.*  939030 
Ltaiu4i5a  00  N.fiae..  9.9^ 
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If  the  suTi  had  uassrd  llu-  m.-riiiian  lo  the  north  of  the  obstrver,  Z  would 
have  been  71-  08'  S.  and  E  Ul^  18'  S.  whose  sine  9.99989  added  to  9.99580 
gives  the  sine  of  the  latitude  9.99979,  correspoDding  to  ZQP  SO'  S. 

EXABfPLE  IV. 

Being  ataca  in  the  latitude  of  fiO^'  O'  N-  by  arcrmnf,  when  the  sun  uas  oil 
the  equator  (or  had  no  declination)  at  ih.  Om.  P.  M.  per  watch,  his  correct 
central  altitude  was  28©  jS',  and  at  3h.  om.  F.  M.  per  watch,  the  correct  cgn- 
tral  altitude  was  20°  43'.    Required  the  true  latitude? 

Col.  3. 
 feo-mie  9.964941 


Col.  1. 

Elap.  time  [p.  m.]  2lu  Ou. 
DedimtiooO  


10.59700 

10.00000 


A  30°  (y  co-scc.  10.58700 


4    5^  sine 


I  gum.  tits.  • 
Idifialts. 
e....,  sine*. 


Col.  2. 


eo-nne  9.9S494 


9.95d01jco-tec.  10.37745 
8.8534oUe.  10.00110 


Z jt«H  tlMA  90",  mdM.  ot8.  UlwbcHtat  of 

Zenith ) 

IE  is  sum  of  B,  2L  if    MM  oaioe,  ^IrcMt 


co-siue  9.9iio9l 


B  0^  O'    lvo-9«c.  ittfimle.} 


|B       than  90^ 


v.  «r  8. 
9»98flH 


10.}4943  Z63^86'N. 


E63  96  N.siae  9.951^ 


T,aiitii(lr  59  r)9  N.  sine  9.9374S 
The  calculations  wotdd  have  been  (lie  same  for  south  latitude,  which  w^ould 
he  59^  50^  S.  The  computation  of  A  and  B  might  have  heen  dispenaed  with, 
for  when  the  decfination  is  nothing,  R  is  nothing,  aiui  A  is  equal  to  the 
elap'sed  time  Jh.  turned  into  dejcrers  by  Tablr  XXI.  lu  iiij^  in  this  evnmple  30°; 
in  this  case  all  the  terms  iiiclud<  (l  !i(  t^v«'<'ii  the  brackets  [  ]  niljiht  \u-  omitted. 

In  the  preceding  examples  botli  altitudes  were  supposed  to  be  taken  at  the 
same  place  or  station ;  but  as  that  is  seldom  the  ease  at  aea,  the  necessary 
correction  for  any  change  of  place  must  be  made  in  the  following  maimer. 

Let  the  bearing;  of  the  ^mi  l»e  observed  by  the  compass  at  the  instant  of  the 
first  observation ;  take  the  nun)her  of  points  betw  een  that  bearinp;  and  the 
bhip*s  course,  corrected  for  lee- way,  if  she  makes  any  ;  witli  which,  if  Ic^s 
than  eight,  or  with  what  it  wants  of  18  points,  if  more  than  eight,  enter  the 
traverse  table,  and  take  out  the  difference  of  latitude  corresponding  to  (hfe 
disUmco  run  Ix'twccn  tin-  ohstTv.iti'Mis.  (/A/thi><  diOVrence  of  latitude  to  the 
first  altitude,  il  the  niunhrr  of  points  b^  lu  rcu  the  sun's  hrarin{;and  the  ship's 
course  were  less  Uiaii  eight ;  but  subtract  the  dinVrence  of  latitude  from  tht 
first  altitude,  if  the  numher  of  points  were  more  than  eight,  and  that  altitude 
will  be  reduced  to  what  it  would  have  licen  if  observed  at  the  same  place 
where  the  second  utim.*  This  mrrrcted  altitude  is  to  be  used  with  Uie  second 
ohservtd  altitude  in  linding  the  latitude  by  the  a!)ove  rule.  The  latitude  re- 
suiting,  will  be  that  of  the  ship  at  the  time  of  taking  the  second  altitude,  and 
must  be  reduced  to  nooo  by  means  of  the  log. 

EXAMPLE  V. 

In  a  ship  rnnnini;  N.  by  E.  I  E.  per  compass,  at  the  rate  of  0  knots  p^r 
hour,  at  lOh.  Om.  A.  M.  per  watch,  the  ^^un's  correct  centrnl  altitutle  was 
found  tobr-  l.P  18'  hearin!;  S.  ^  K  by  compass,  and  at  Ih.  4Um.  P.  M.  per 
watch,  tlie  sun's  central  altitude  was  found  to  be  14^  15',  the  latitude  by  ac- 
count being  49^  17'  N.  and  the  sun*s  decimation  28^  28'  S.  Required  thb 
true  latitude  ?  ' 

*  I'M-  i-  lU''  only  correitiun  rccf^^iiy  !■>  niaUi-  IkII  .iltowaiic^  (uT  tlie  nin  of  tbc  fchip;  aod  tke 
tirn'A[ii  i  i(  111  f<l  riilt  iiUlor  mu-t  luke  mr*"  not  lo  Ia'A  '\uu>  \]\v  itht  of  np|»lylnc  a  co»*r*<:tion  to  ibe 
»J.ilWi'<l  Mine.  Us  is  (liri  ftnl  in  vfvrral  works  nt  tsotc,  (vir  i  m  (Kc    Ci.rrxphu  UttvifOtm;''  dy  Vr. 

Mack.i  Thi*  will  a|)(M'ur  evidriit  by  kU]i|>u^ii)^'  in  wl.ovr  K».-uii|il«"  V.  that  a^aecoixl  obwr^er,  »ilU 
A  vr;\u-h  rociilHi^  fxactiy  lilic  thai  iistil  by  tlic  flr^t,  wna  ;it  rci«  at  the  place  of  srcond  ub««Tv»tio«. 
Then  at  the  ftrfl  obMrrntinn  attht  tame  movvnt  of  tinu  In/bvik  wUrhtj,  tbr  first  obterver  would  find  the 
Mn'a  altitude  ^S"  1 8  ,  and  fhe  »ccond  obWTvcr  12"  -19'.  At  th»  MCond  obstTvaliiiu  tlic  Umet  and  aUitudO 
would  iM  aUkiy  M  UMt  ibednpwd  tlow  (buiid  by  liotlialmrvfn  woaM  be  the  anie,  aadlltt  olMenfmlioos 
w««lireqili«M  ctirtwiloii,  eicapi  tHttaitiM  fmifdii^ 
flie  monil  «bicr«cr  to  iif^oica  to  be  tt  Ri^  «nd  Ui  «|jie^^ 
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The  correction  to  Uie  first  altUude, 
Tlic  time  elapsed  between  the  observatroiw  was  Sh.  40m.  and  la  that  time 
tbeship  sailed  88  miles  upon  the.  course  N.  by  E.  f  E.  which  inak<  s  ananf^ 


«f  18|  points  with  th«'  siui's  bearing  at  tlir-  first  observation  S.  \  K.  thorom- 
plonuMit  of  whicii  to  16  points  is  th  points.  Now  in  Tabic  I.  the  c(uirse  ^ 
points,  and  distance  33m.  give  21)  miles  diliereuce  ol  latitude,  which  must  be 
subtracted  from  the  firat  altitude  190  IS*  becauae  the  ship  aaBed  abov*.  8 
points  from  tiie  sun ;  therefore  tlie  firs^t  ahitudc  corrected  will  be  It©  48', 
which  muat  be  used  ia  the  rest  of  the  work. 

Col.  1 .  Coi.  S.  Cot.  3, 

Flap,  time  [f.m.]  3h.  40in.  co-scc.  10.33559 

Declination   23^  28'  S.  sec.     18.03749  .j  eo.aee.  10M89 

9.95704 


idiCalts. 

C  


0  43  ...  fine.*  8.09718 wc  ..  10:00003, 


,2  [LHitfaufld*  anlll.«r  8.  JIke  bCMtog  of 

|Bis  fM»«ri^  z,ir  «raaMi  ■■■•ktfiik'MM  if 


A  c«c.  10.37308 wwfae  9.95704|..   

^sumalti.    13  38  ...  eo.>iiie  9.98777 co-aec.  10.63076jB 86^8^8. coW.10^36W8 


siiie..  a45803a>-rine  9.999ae., 


pi  ICiK  thnn  "X^"  and  numed 
M.  or  6.  like  <leclio«tto«.j 

>•••••  co^sine  9.99908 


Z  see.  10.58765  Z  75  01  N. 


 ^   £48  56  N.aine..9.8n34 

«r4j^irt«M,l     — -  uotnde   48  64  N.  9.87718 

If  tiie  sun  had  passed  tlie  meridian  to  the  north  of  the  observer,  Z  would 
hare  been  75°  01'  S.  and  E  101<^  Ofi'  S.  whose  sine  9.9t)180  added  to  8J)888A 
gircs  the  sine  of  the  latitude  9.99162  corresponding  to  78^  47'  S» 

EXAMPLE  Vr 

Sailing  N.  £.  i  E.  by  comp.iss,  at  the  rate  of  9  knots  an  hour,  ut  Ojju  31  40  '' 
p.  M*  per  watch,  the  altittMe  of  the  bud*b  lower  Hmb,  was  88^  20^  above 
the  horizon  of  the  sea.  the  eye  being  elerated  ^0  feet  above  the  aurlace  of 

•the  water,  and  the  sun's  bearing  by  compa:-.Si  S-  by  W.  aiul  at  ^h.  r^Hm.  10^. 
p.  M.  by  watrh,  ihe  altitude  of  the  sun's  lower  limb  was  10^  41'  above  the 
horizon,  tiie  eye  being  elevated  a:^  before,  the  latitude  by  account,  at  th^  time 
of  the  last  observation,  48^  at  north,  and  the  declination  ISO  iraouth. 
-4jiiired  the  true  latitude  at  taking  the  last  observation? 

The  correction  of  these  altitudes  for  semi-diameter,  parallax  find  dip,  was 
JSl  miles  additive,  which  makes  them  t^^  9£'  and  IG^  W;  the  refraction 
corref^ponding  to  the  first  was  £  miles,  and  for  the  second  9  mBes,  by  sub- 
fraeting  which  we  have  the  true  central  altltadea  £80  do'  and  16^  50^.  Now 
llie  elapsed  time  between  the  observations  was  2h.  ^<r.m.  JO?,  during  which, 
the  5-hip  sailed  11  milcH  (at  H  miles  per  hour)  in  the  direction  of  \.  E.  ^  £. 
per  compasi,  th^  bearing  of  the  sun  at  the  first  observation  S.  by  W.  being 
424  poima  ^tant  from  the  shin's  course,  and  as  lft|  points  want  S|  of  18 
points,  I  enter  Table  1.  and  find  the  comae  8i  points  and  distance  2i,  corres- 
ponding  to  which  in  the  latitude  column  is  17  miles,  which  subtracted  from 
the  first  altitude  2. 5  ^  30'  leaves  the  corrected  first  altitude  28<^  13';  witl^this 
«md  the  second  aliltudc  1 6*^  00',  I  calculate  the  latitude  in  thefollowingmaDiier; 


.  Cou  2. 


Col.  1. 

tiap.  ti  [P3t.]  2h.  96'4O»e0-a«c.  10.508.18 

Minatiott  13^  17'  8.  see.    lO^i  178  

A  C0-«ec.  I0.5l4l0co.sinc  9.97961 

ifomalts.    S3  31^  ..eo-nne  9.96.353'co-m:c.  10.41670 


Col.  3. 


laiCdta. 

C  


>eo«auie 

S  41^  .•sine 
..........  rine 


8.99M3'scc.  10.00215 
"9i47603ico-«inc  9.97962 


'/.  [T.cs  iiHii^ar,  aari  K.  «rS.llk«baHtez«(  Z  see. 

Zen  till.] 

UfMrnof  n,Z,IC€rMninflMwil!#<tMiH 


 c»«ec.  I0.63S71 

co-sine  9.97g6l 
B  13^  58'  .S.  co-scc.  10.bll732 

III  l«a»  iban  90",  ami  nunml 
ll.or  B.  lit^'- 'l-  cl-l 

9.979W 


l0.377Oi5iZ65  11  N. 


E51  13^N.8iiic 
Latitude    48  O'?  N.  sine 


9. 69 183 
9.87140 


*  If  the  sun  had  passed  the  meridian  to  the  north  of  the  obsencr,  Z  would 
have  been  65^  ll'  S.  and  E  79°  09'  S.  whose  sine  9.99-217  added  to  co-»ine 
of  C  9.979G3  gives  th*-  sine  of  the  latitude 9.87179,  correap0lldingto89084  Si" 

U 
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i38  TO  FlNl)  THE  LATITUDE  BY  DOUBLE  ALTITUDES. 

EXAMPLE  VII — (Sante  as  Dr.  Uiinkkys  Nautical  Ahnunac  for  l&oo') 
The  latitude  by  account  6^  SO'  N.  sitn*fi  declination      so'  jf,  the  siih*8 

correct  central  .iltitudes  were  found  to  be  Bb^  -21'  and  70^  01',  with  an  elapsed 
time  hctwcoii  the  <»l)sorvatioris  of       izo'.   Required  the  latitude,  the  sun 

passing  thn  meridian  south  of  th<'  observer  ?  , 

FJap.  time  [p.m.]  2h.  20ra.  co-scc- 10.52186 
DecUoation   5^  3(y  S.    acc.  10.00200  


A  co-wc  10.693S6 


c<hm  9.97962 


C  iine«.  9.78060 


^somaMs.  »  41  ....  co-dna  9.7SS6S do-m»c  10.09947 B  5^46^ N. 00^.1099905 
laifllaltt.  17  SO  ....  sine  ..  9.47411  lec  ..  10.08018  •        [BiMtbn. ,n«m^ 

N.  or  S.  like  dec.} 

00-aine  9.90170  


Z  fee.  10.00097 


 co-sec.  11.01343 

 co-maa  9.97963 


9.9017a 

Z  3  SON. 

E  9  36N.Mna..  9.99tll 


Z  {hem  fkuk  «r,uHt  v.  or  S.  Nk*  bnriar  of 

•   [E  li  mm  «r  B,  Z,lf  of  tmu  name,  dijemm  M 

ofdir.tmnf.]  Latitude      7  38  N.rine..  9.12391 

If  the  sun  had  p.T^sct^  to  the  mnridlnn  ftnrffi  of  the  observer.  Z  would  have 
keen  8°  50'  S.  and  fci  =  l  ^  jG  N.  whose  sine  ti.j  JHio  idded  to  the  eo-sine  of 
C  9.90170  is  6.42980,  which  is  the  sine  of  the  other  latitude  1^  31'  N.  so  that 
in  this  example  both  latitudes  are  norfA. 

SECOND  METHOD 
ofjinding  the  latitude  by  Hnuhk  altiivd'H  nf  the  avn,  whm  tht  variation  •/ 

dfrlinution  is  m^ltclctl. 
This  method  of  finding  the  latitude  depends  on  a  set  of  tables,  marked 
XXIII.  in  this  collection,  first  prepared  by  Mr.  Douwcs,  containutK  three 
logaritluns  titled  Il.df  FJp.psed  tinie,  Middle  time,  and  Log.  rising.  The  two 
former  are  arrasiged  together  as  far  as  six  hours,  tlie  latter  is  placed  at  the 
end  of  the  table,  and  is  extended  in  the  present  edition  as  far  as  \  l  hours. 
The  table  with  the  proper  title  must  be  entered  at  tlie  top  witli  the  hour,  at  the 
side  with  the  minute,  and  in  the  column  marked  at  the  top  with  the  seconds, 
the  corresponding  number  \\\\\  \>r  ih<-  ^nw^hi  logarithm,  to  which  must  be 
prefixed  tin-  index  of  tlie  log.  under  o  in  the  .same  iiori/.ontal  line.  Thus 
to  the  timeSh.  &2'  10"  correspond  the  log.  hulf-elapsed  lime  0.07 13«,  log. 
middle  time  &.tS965,  and  h>g.  rising  4.67«74.  In  general  it  will  be  sufficient- 
ly exact  to  take  these  logarithms  to  tlie  nearest  10  seconds,  particularly 
when  the  «»un's  xenith  dist-^nce  is  great  ;  but  if  the  log.  to  the  nearest  second 
is  recpiired,  it  may  be  found  by  taking  ilie  diff.  i  tuce  of  tJn-  tubular  lognrithms 
corresponding  to  the  next  greater  and  next  khs  time,  and  saying  usio  is  to 
tliat  difference,  so  are  the  odd  secDnds  of  time  to  the  correction  of  the  first 
tabular  lugaritlun,  additive,  if  inereasujg,  subtractivej  if  deei^asing.  Thus  if 
the  log.  i  Kl.  time  t  orn  ^ponding  to  .ih.  5:1'  ll!"  were  required  :  the  logs,  cor- 
responding  to  rfh.  lu  aud  dh.  iO"  are  0.0718C  and  0.07111),  who«e 
diiereDCels  19,  then  10^  :  19 :;  «^  :  15.— This  subtracted  from  0.07138  leaves 
0.07128,  the  sought  logarithm.  By  inverting  the  process  we  may  find  tiie 
nearest  second  corresponding  to  any  given  logarithm.  We  shall  now  givi' 
the  rule  for  calculating  the  latitude  adaj.ted  to  double  altitudes  of  the  sun. 

.  Ill  LE. 

To  the  log.  setaat  of  Uie  latitude  bv  amonfit  (Table  XXVTI.)  ndr!  I^ie  lo"- 
seeant  of  tiie  sun's  declination  (Table  XX Vil.)  rtjecting  10  in  each  index, 
the  sum  is  to  be  e  died  the  log.  ratio. 

From  the  r.atural  nne  of  |},e  greate-t  altitude  (Table  XXIV.)  subtract  the 
natural  sine  of  tiie  least  altitude  (Table  XXIV.)  ilnd  the  logaridim*  of  thiar 
diflerence  (m  Table  XXVI.)  and  place  it  under  the  lo-.  ratio. 

Bublra^  the  time  of  taking  the  first  observation  from  tlie  time  of  takins: 
the  second,  tamng  previously  increased  the  hitter  by  U  hours  when  the  ol? 
servations  are  on  different  sides  of  noon  by  the  watrJi;  take  half  the  remain- 
der,  which  call  half  the  elapsed  tiine. 

With  half  the  elapcd  time  cuter  Table  XXIII.  aiul  fnun  the  eolinnn  nf 
half  elapsed  tune  take  oat  the  logarithm  answering  thereto,  aiid  write  it  uu- 
q*-T  the  log,  ratio. 

cealnl  altiUKla  iL?]!' aSSLJ!?  aluui4»«      lie  umhI  are  ite  cornvi 

mumi  .lUHian .  utnt  ja,  tbe  «bMnr«d  aldtttdrs  cumctva  ior.diis  acinl.4taneter,|MnUax«Bdf«lkan^. 
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A«l(l  thi»sc  three  log;arItlimstoj;efIiir.  aa:1  ^s\ih  iheirsiim  c  ii  tor  Table  XXIII* 
ill  Uio  roliiinn  of  iniddL-  tiin*',  wIhto,  f.avin}?  InuiKl  liir  logarithm  nearrct 
liierelo,  take  out  the  time  cuiTespontliiig,  and  put  it  uitdt  r  hail'  tiic  ehipsed 
thne.  The  differenee  between  these  times  will  be  the  time  from  noon  wheti 
the  grealtT  ultitudc  was  t:ik< n. 

With  fliis  tinir  fiitrr  'J'ablr  Will,  ami  from  tlu-  roliinin  of  loj;.  riffing, 
take  out  tin-  lugaritlmi  ronesponding,  from  which  logarithm  subtract  the 
log.  ratio,  the  remaindor  will  he  tlie  logarithm  of  a  natural  number,  which 
being  found  in  Tftble  XXVI.*  and  added  to  the  natural  sine  of  the  greater 
altitude,  will  j^ivt-  thf  ii:itural  co-Hini'  of  tlif  sun's  meridian  7.»'nith  di?itx»nce, 
n  hich  may  be  fotuid  i  i  Tabic  JUUV.  Ueace  the  latitude  may  be  obtained 
by  the  rules  uf  page  Itl. 

NOTKS. 

1.  If  this  computed  latitude  should  differ  coDsi  Jr  rably  from  t1>e  latitude  by  OM^count,  itwfll 
bs pro|>f:r  to  repeat  the  operaf  inn,  usin;;  the  iJititU'lf  last  found  in  tf  ;i'l  of  tlu  I  ititmlc  hy  nc- 
couotftili  the  result  gives  a  latitude  nearly  agreeing  with  the  latitude  UAcdiu  liievoniputalioD. 

8.  This  method  is  best  suM  la  situations  vmstt  the  sun's  meridisn  xenitb  distanee 
is  not  much  less  than  hulf  the  latitude;  for  in  l.^ti(ii.h*s  wlierr  l!ir  sun  approurht  s  near 
Co  the  xcuith,  the  ohscrvations  must  be  taken  mucii  nearer  to  noon  :  snd  the  preceding 
rule,  in.'«tead  of  approximiling,  will  in  some  cascH  give  the  residts  of  nacccssire  oper» 
tiona,  wider  arul  wider  from  the  truth.  To  remedy  this  dilliouUy,  n  set  of  tables  was 
pubhihed  hy  Or.  Briuklcy,  :it  the  end  of  the  Nautifiil  Almanac  for  17*»');  ],iM  tin-  frrcjit 
variety  of  cases  uteideutlo  his  method  will  huider  il  from  being  generally  ui>ed.  Instead 
of  Dr.  Brinkle3r*s  method,  we  amy  fKeoendly  use  the  method  of  arithmetiesi  conqHita* 
tion,  called  DovMc  Positioii,  wliirli  w  ill  fr.  ipicntly  j^iv»',  in  a  raon*  simple  manner,  the  re- 
quired latitude,  as  will  be  shown  ni  Kxaiuple  X.  and  in  ^tncral  it  may  be  observed,  tiiat 
where  Douwes*  rule  does  not  approximate,  the  objeet  bmost  coouaooly  so  situatad,  as 
not  to  furnish  tlie  necessary  observations  to  obtain  aconreet  latitude,  whatefarBtlhod  <|C 
(  ompittation  mi^ht  be  Uied. 

3.  The  operation  is  the  same  uheilicr  the  sun  hss  north  or  eouUi  declination ;  and 
also  whether  the  ship  is  in  north  or  sout!i  I  itiinde.  When  the  sun  has  no  declination,  the 
loj^.  Mceanl  of  t!ie  latituile  (n-l<  ( ting  10  in  th<  i;i<!(  x)  uill  Iw  the  lo'^.  ratio:  niul  uhcn  the 
latitude  by  account  is  uothing,  the  secant  gf*  the  decimation  (rejcctinz  10  in  the  index) 
will  be  the  log.  rado.  Tbbrule,  as  weOas  the  former,  is  founded  oo  the  supposition  that 
whc  d<  rlinationis  taken  fortbemiddln  time  between  the  observations,  nnd  that  it  Joes  not 
tary  during;  the  elapsed  time,  which,  however,  rarely  happen!*,  and  a  correction  ought  to 
he  applied  to  the  latitude  on  this  account,  but  thb  correction  is  generally  8msll,and  if  it 
is  taiiBe,  the  IMrd  method  must  be  used,  or  the  new  method  in  the  Appeodiiof  tUswoil;, 

EXAiMPLE  Vni.— ( Same  as  Example  L  preeedmg.J 
IJfing  at  son  in  latitude  liP  .SO'  i\.  by  areount,  wlu-n  the  sun's  declinatiori 
\%.is  11°  17'  \.  at  lOh.  2in.  in  ihi-  foreijuori,  the  sun's  correct  central  tdtitude 
waa  iti'^  Oj',  and  at  llh.  -iTm.  in  the  forenoon,  his  correct  central  altitude 
was  54^  a'.  Required  the  true  latitude,  and  tnie  tune  of  the  day  when  tbo 
greater  altitude  was  taken  ? 

Thnes. 

H.  >i.         Alt.            Nat.  Si.    Lat.  by  acc.  ...  46^  3(F  Sec.  0.16219 
Sobs.         11  97  0  M«>  9^  S10S5     Dec  11   17  flee. 0.00049 

lobs.  lU    i    U    46    55  73010     I.o-r.  raiio  0.l70b7 


Klap.  timf;      1  25   0  DUt  Nat.  Sines  8U19  Log.  Ditf.  Nat.  .Sines  3.90112 

Elap.  timo  0  42  30  Log.  ^  Elap.  time  0.7M29 

n.  M.  s. 

Middle  time  1*15  10*  4.80S08 

1  El.np.  tune  42  30   — 

2  0bs.firomnoon       0  38  40  Its  lo;;.  ri^n^^  ;i.00(>08 

Log.  ratio  sub.  ti,  17067 

Nat.  numb.  685  corresponding  to  log*  S.S3541 

Nat.  sine  greatest  alt.  SlOjfi 

Sum  is  nat.  co-sinc  0'4  zcn.  dist.  81740  equal  to  35^  lO'  N. 
0*s  declination  •  •••••  11    17  fil* 

 Latitude  in  . . .......««..»»»  »»■>»»»••*«•««  46   97  N.  , 

•  fidilng'iiruMal  a  numiier  of  Agiuw  t«iual  totlw  Imtex  of  ttm  |S|sniasi  Iscmscil  Vfwau^,  """^ 
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a  * 

The  latitude  46^  £7'  differing  ooly     from  the  latitude  by  account,  may 

be  assumed  as  the  tnie  latitude. 

By  iiU'Hiis  of  tht?  time  of  tlic  second  observation  from  noon  above  found 
32'  40",  the  error  of  tlie  watch  may  be  fuuad;  for  in  the  present  example, 
by  subtracting  32'  4&*  from  12h.  we  have  the  time  of  the  second  ohserva-^ 
tlOll  lib.  £7'  iO";  hut  the  time  of  the  watch  was  llh.  -ZT  0";  tlu  n  fore  th<> 
watch  was  50  seconds  too  slow;  a  small  difTtTcnce  would  he  found  in  tliese 
nmnbcrs,  if  we  w^ere  to  proportion  tlie  locarilluns  of  Tab.  XXIII.  to  se^ 
conds.  Id  the  same  manner  the  error  of  die  watch  may  be  found  in  the 
following  examples.* 

EXAMPZiB  IX^Samaa  Exampk  V,  befire  giveit.} 

In  this  example  the  latitude  by  account  was  49^  17'  N.  The  sun's  decTi- 
nation  -irP  28'  S.  The  first  altitude  corrected  as  before  taught  40',  the 
86cond  altitude  14^  Id'.   From  wliicli  the  true  ktitude  is  required? 


n.  M.  s.        Ah.     Nnt.Si.  Lat.  by  acc.         49^17'      i^vc.  0.1?5j-1 

SOtMcnr.      13  40  U      14^15  =2401:;  Dccluui(ion        SS  28      Sec.  0.037-19 

1  Obwr.      10*0  0      12  49—22183   

    Log.  raUo  0.22:^01 

Elap.  time     3  40  0  Difi*.  nat.  sL  2433  lU.  log.  3.36596 


I  £ia^  tine  l  50  0  •  Iti  lof  O.S3659 


01010  TimecornMpoodii^to  3.94458 


1  39  :iO  1  >  >  lo;;.  in  coU  of  fWog  is   3.9702ii 

Log,  laUo  0.32303 


5m     Nat  number  of  log.  X747t5 

84615 


Nat.  ee-tinea«emef.  sen.  dirt.  30203  =  73°  N. 
DecUnstion  S3  98  8. 


Latitude  •   48  57  N. 

But  as  the  latitude  by  computation  differs  considerably  from  Ihut  by  ac« 
count,  the  work  must  be  repeated. 

Lat.  last  Iboad      48^  57'  See.  0.l8tfi8 

Dectfnatson         83  88  Sec.  0.03749 


Leg.  ratio  •   0.2S0ii 

H.  »i.  5.                  Ditr.  N.  sine  8438        Its  log.  3.:^:>% 

\  Elnpsed  time      1   50  0                                                     lU  log.  0.33559 

Middle  time         0  10/  0                                                    •  i  > 

  Its  log.   S.9416C 

Tt6efromnoen  i  40  0   

lis  log.  in  col.  of  rising   3.97170 

Log.  nti6  •   0.99011 


5614  Nat.  number  of  log.  3.75153 

24615 

30259  ^at.  COS.  mer.  zcn.  distance  72^  23'  N. 

DecUuation    23  28 


True  latitude  49  55  N. 


This  latitude,  difr«;ring  only  two  miles  from  that  us»'d  in  the  computatioo, 
may  hv  df'j»on(!ed  upon  as  the  true  latitude  of  tlirHhij>  at  thr  time  of  the  se- 
cond observation.  If  tiie  first  altitude  had  iiol  been  corrected,  the  coDiputcd 
latitude  ^uld  haTO  been  found=:480  40*  N# 


*  When  Uic  middle  time  is  ^mter  Uian  half  Um  elapwd  tine,  twUi  olMerT»UoM  «i«on  Uw  same  tMe^ 
of  the  laeridian  ;  nUterwise,  on  diflTemi  cUVf  wliCllce  k  ItCUy  lO  dctcraiae  whe^PVf  iNfmlerim. 
imtm  bv  olMrrred  before  or  aArr  nuoo. 
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Lata.  Brrorii.  Products. 
6^  30'  X  106  =  ^^7(i^  16' 
8  16  X   66  =  429  00 


TOFlNDTHE  LATiTUDKBYDOUBLi::  ALflTUULS.  i4i 

BXABiPLB  X^Som  m'EumpU  VIL  gioem.) 

The  latitude  l>y  account  99S(f  iiui*s  dedioatkm  5^  ao'  N.  Hie  sui^s 
von  rct  central  altitudes  85^  f  1'  and  70O  01',  dapied  time  Sh.  8<K  are  given 

to  find  the  true  latitude. 

Makinp;  tlie  calculations  with  tlie  latitude  by  account  fi^  SO',  the  computed 
latitude  by  the  first  operation  ivilt  be  8°  IT.  Repeating  the  operation  Kith 
the  latitude  •<>  17',  ttie  second  operation  will  give  70  lO'.*  This  most  he 
used  for  a  third  operation,  and  by  repcatiiig  the  calculation  accurately  to  se- 
conds, it  will  require  moro  than  a  dozen  operations  to  ohtain  th»'  true  lati- 
tude 7^  98',  which  was  found  by  the  first  method  by  a  single  operation. 
Dr.  Brinklev  made  the  latitude  7^  9lf  differing  8'  from  a  strict  caleolation 
by  sphprical  trigonometry.  The  detui  of  tliis  calculatioo  b  not  here  given, 
but  IS  Iffl  to  exercise  the  Icnrnrr.  The  nhject  of  the  present  exaniph^  is  to 
«?iew  how  the  number  of  operations  mi^lit  lie  decreased  by  the  aritilQieUcal 
method  of  dftuUt position  before  mentioned. 

Take  the  mor  or  Alfereoce  between  the 
first  assumed  latitude  6°  30'  and  the  first  com- 
puted latitude  8"^  IR'  equal  to  106';  als(»  the 
trror  or  difference  Intween  the  second  as-  .{ 
sumed  latitude  8^  16'  and  second  computed!  )1805  16(7° >5  | 

latitude  7^10'  which  n  66'.  Multiply  them  crtMmtt  as  in  the  a^foined 
scheme,  according  to  the  usual  rule  of  double  position,^  dividing  tlie  sum  of 
the  products  1305^  IR'  by  the  sum  of  the  errors  172,  gives  the  corrected, 
latitude  7^  9i'  N.  The  sum  of  the  products  wa»  taken  in  this  case,  because 
one  of  tlie  asswned  latitudes  was  grtaUr  and  the  other  leas  than  ita  corres- 
ponding computed  latitude.  If  both  computed  latitudes  had  been  grtaterot 
both  less  thati  th*-  corresponding  assmned  latitudes,  th*-  diffi  rcncea  of  thrt 
.  errors  and  of  the  products  ought  to  have  been  taken.  U  will  ran-ly  h.ippeu 
that  more  than  one  ])roces:i  of  titis  kind  w  ill  be  retpiired  to  give  a  correc  t  re- 
sult In  the  present  instance,  however,  it  will  be  neoessary ;  for,  by  repeat- 
ing the  operation  with  the  assumed  latitude  7*^  35',  the  resulting  computed 
latitude  is  7®  41.^',  and  the  third  error  R^'.  Repeating  anew  the  computation, 
with  this  and  thr  second  latitude  8'^  lu'  and  second  error  ,  (In-  renulting 
latitude  is  7^  38',  liic  same  as  was  found  by  the  direct  computation  hy  the 
Urst  method,  and  as  accurately  as  could  be  obtained  by  repeating  the  open- 
tioos  about  fourteen  times  by  the  second  method. 

In  general,  when  such  a  large  number  of  operations  are  required  to  pro- 
duce a  correct  re^t,  it  is  a  sure  proof  that  the  situation  of  th«-  uh'iect  is  not 
well  adapted  to  obtido  an  aceorate  latitude,  and  it  would  be  lost  labour,  and 
lead  to  great  mistakes  to  attempt  it.  Thus,  in  the  present  exampli^  if  the 
greatest  altitude  had  been  decreased  only  \l'  4%:  ',  making  it  fiO'^  48'  IS'', 
leaving  un-dtered  th»'  othrr  altitude  35^  '■IV  atid  tin-  int«'i  \al  ^li.  -Om.  the  lati- 
tude of  the  place  of  observutiou  would  be  0,  or  under  Uie  ci)uator,  as  is  easily 
proved  by  computing  the  altitudes  of  the  sun  for  the  tunes  Ih.  17m.  5as.« 
and  8h.  37m.  50s.8,  under  the  equator  when  the  declination  is  SO  SO'  N.  by 
t!ie  ruh'S  hereafter  given.  Hence  it  appeafs  that  a  change  of  12'  42"  in  tho 
greatest  altitude,  would  alter  the  computed  latitude  from  7^  .S8'  to  0"^, 
which  makes  an  error  of  one  degree  of  latitude  for  an  error  of  1]  miles  ixi 
that  altitude,  and  as  errors  in  the  altitiides  of  this  magnitude  an  easily  com- 
mitted at  sea,  even  by  very  good  obsenrerst  it  shows  very  deafly  the  defect 
of  the  metliod  of  double  altitudes  when  the  sun  approaches  near  to  the  ze- 
nith. This  does  not  arise  from  any  defect  of  the  methud  of  computation, 
but  b  an  inherent  defect  of  the  method  itself,  which  no  process  of  spherics 
^  can  remedy,  and  there  b  no  other  resource  left,  ba  such  cases,  than  to  make 
un  of  anoiber  object  to  detenmne  tbe  latitude. 


•  S!i-lU  diffVrenoet  will  be  found  in  ibe<r  ca! 
and  ntakme  Uie  caioitotton  Kcantcijr  tu  MHMDtia. 

*  irtitdqpfl««rMMn«lftwrallw^ih«BM«soalr 
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J42  TO  FIND  THE  LATITUDE  BY  DOUBLE  ALHTUDES. 

THIRD  BfETHOD. 

To  find  tlu  latitude  by  double  altitudes  of  the  tame  or  different  objects,  the  dedi- 
natumM  bemg^  dijfhmt*   [See  Appendix  to  Mtt  tPort»] 

This  method)  like  the  first,  requires  onl^'  the  use  of  Table  XXVII.  In  tJiis 
mile  the  words  sine,  co-sine,  he,  are  written  for  lo|.  sine,  log.  co^mnc,  be. 
Th^  logarithms  are  arranged  in  these  columns  as  m  the  fir»t  method,  ac- 
cordinji;  to  thv  following  formula,  which  ought  to  lu«  written  down  h«  fore 
the  ealculiition  '\»  commenced;  (his  will  simplify  the  operalioti,  and  may 
prevent  mistakes.  In  this  formula  it  is  said  that  C  is  of  the  same  affection 
as  B,  th6  meaning  of  which  is,  that  if  B  is  Ibm  than  90^,  G  also  it  m  than 
90^ ;  and  if  B  is  ^nater  tluui  90^,  C  also  is  greater  than  9(P.  laltewise  A 
is  of  the  same  afTectitm  as  the  hour  aiigle,  ni'  aning  that  if  the  hour  angle  t< 
less  than  (>  hours  or  iH)^,  A  will  he  less  than  90^;  and  it  the  hour  angle 
txceed  U  hours,  tlic  angle  A  will  exceed  DO'^. 


Cut.  1. 

Hour  angle  II  (  P.M.]  , 
XlecU.ilLiitcr.aUL] 


A  [dUL  mac  from  4.) 
I>.I)et.[iitte.att.] 

B  


FOUMULA. 

die**' 


LMitaliiukI*... 
OreatMt  altliude 

Suio,  3  Uit  num. 

i  Hum  

I  S. — ^gT.ftll.^-Uein. 
Sum  of  4  loss. 


Of 


tec 


iitne 


2) 


 ce.dne 

taSatBJeMlnf 


OoLS. 


F 

z 
a' 


an. 


.Co4. 
tsn. 


Dee.D 


fat  leo&t  ait.] 


ifroiuU  J 


[I 


-  -  .1 


<iDe 


ma*. 


Latitude 


.sine 


sine 


Z  [auned  N.  or  6.  like  Learinc  of  Zaoiih.]  * 

In  some  iate  worlcs  on  Navigation,  no  notice  is  taken  of  the  oases  where 
the  hour  an|^e  exrrrds  90^,  or  the  distance  of  the  objects  exceeds  90*^,  and 
on  that  account  the  rules  appear  less  stihject  to  diffen  nt  rases  than  the  fol- 
lowing rule,  which  eiiihraces  all  possible  cases,  and  the  apparent  simplicitjr 
of  the  ndes  referred  to,  arises  from  their  impt  rfictions  and  incompletenin. 

RULE. 

1 .  Find  the  hour  angle  H,*  and  take  out  the  corre^ondiog  secant,  which 
j>ut  in  Col.  1.  and  its  tang«-nt  in  Col.  rf. 

hi.  Talcc  the  declination  d,  corresponding  to  the  greatett  aHitode,  place  its 
tangent  in  Col.  1.  Its  sine  in  Col.  d. 

ii.  The  sum  of  the  two  logarithms  in  Col.  1.  (rejecting  10  in  tlie  index) 
h  the  tan^reiit  of  the  angle  A,  which  is  less  th m  \iiP  if  the  hour  angle  i«« 
less  than  6  hours  (or  90^)  bill ^reafer  tlian  00^  if  the  hour  angle  is  greater 


•  The  hour  nnirlp  i«  the  sniin*  m  th«"  time  in  ilouhir  pltitiidc*  of  the  sun.    TbU  tim^  in 

turned  into  ilcL  T'-es  l>v  Tulilr  X.XI.  but  it  i«  inoro  sinjjilc  Id  doaUii  ilu-  hour  nngle  and  liiid  It  In  Co\.  I'.M . 
Table  XXV'II.  aiu)  taVf  oitt  i:s  fonr^pondin^'  ian;^ort  If  ihi"  <lo!il)l<'  inj^'le  p»cf.*<l  I2h  n*iect  t»h.  iin<! 
liiKl  the  rcnmindiT  io  Cui.  K.  M.  luid  take  out  tl» currekpoodio^  tan^^rit.  In  IbefoUowipg  exaiaples  thiik 
iMWe  «Hffe  IsoMited  wtth  tRe  iMfln  r.SL  anorxod. 
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TO  FIND  THt:  LATITUDE  BY  DOUBLE  ALTITUULi.  i  l,i 

tiian  6  hours.  This  angle  is  to  be  mariked  north  or  souihf  with  a  dificrent 
name  from  the  declination  d,  at  the  prmtest  altitude/  The  co-secant  of  A  is 

to  be  placed  in  Col.  2.  its  ro-sine  in  Col.  3. 

4.  Place  tlie  declination  D,  corresponding  to  tiie  least  dltitudo,  below  the 
angle  At  and  if  they  are  of  the*  same  name  take  their  iwn,  but  If  nfdiffertni 
names,  take  their  d&fftrenct^  and  call  tliis  sumf  or  difference,  the  ;iii};!e  B« 
making  it  north  or  xnuth  like  the  greatest  of  the  two  quantities  A|  D*  Th* 
co-sine  of  B  is  to  he  placed  in  C'>l,  2.  its  eo-secant  in  Col.  3. 

5.  The  sum  of  tlie  Uiree  logarithnis*  in  Col.  3.  (rejecting  20  in  the  index) 
is  the  co-tangent  of  an  angle  F,  (leas  than  90^)  which  is  to  be  taken  out  and 
marked  norm  or  south,  with  a  different  name  from  B. 

6.  The  Slim  of  the  three  logarithms  in  ("ol.  -2.  (rejecting  20  in  the  index) 
is  the  co-sine  ol  the  angle  C,  which  is  to  be  taken  kit  than  UO^,  if  B  is  less 
than  90®,  but  greater  than  90^  if  B  is  grtaier  than  90O.  The  angle  C  and 
its  co-secant  arc  to  be  placed  in  Col.  1 . 

7.  Pl.ice  the  altitudes  below  C,  t;ike  the  half  sum  of  these  three  quantities, 
ffiihtrart  th«'  p;r*'ati»st  altifiuip  from  the  half  sum,  and  note  (he  rtmaindtr. 
Place  tin;  secant  of  the  least  altitude  in  Col.  1.  its  co-tangent  in  Col.  2.  \U 
sine  in  Col.  S.  The  co-sine  of  the  half  mm  in  Col.  t.  and  the  sine  of  the 
Ttmtttndtr  in  Col.  I.  The  sum  of  the  four  last  logarithms  of  Col.  1.  (reject- 
ing CO  in  the  iinh  x)  bfing  divided  by  2,  jrivi  s  th(;  sine  »»f  an  acute  anKb-. 
w}iirh  bring  found  and  doubled,  gives  th*-  /.enith  angle  Z,  w  hich  is  to  be  named 
mrtkt  if  the  ^nith  and  north  pole  are  on  the  tamt  side  of  the  arch  or  ertat 
circle,  pamlng  through  the  two  objects,  (or  the  two  observed  places  of  the 
same  object)  but  south  if  the  zenith  and  9tmih  pole,  are  on  the  loaie  ride  el 
that  great  circle. t 

8.  Take  the  sum  of  the  angles  Z  and  F,  if  they  are  of  flie  samr  name, 
but  their  difference  if  of  different  names;  this  sum  or  difference  is  the  angle 
O,  to  be  marked  north  or  south  like  the  greatest  of  the  angles  Z,  F.^  The 
^ine  of  G  is  to  be  pkiced  in  Col.  2. 

y.  Thi'  sum  of  the  tw»>  N)wer  logarithms  of  (^ol.  2.  (rejecting  10  in  the 
index)  is  thc^  tangent  of  an  angle  I,  which  is  to  be  taken  out  (less  than  90^) 
and  marked  runih  or  aovth  like  0«   The  secant  of  I  is  to  be  placed  in  Col.  5. 

10.  Write  the  deelination  D«  corresponding  to  the  least  altitude  below  I, 
tak»'  theirf  sum  if  of  thi'  samr  name  their  difft  rmcf  if  of  different  names. 
This  sum  or  difference  is  the  angle  K,  of  tlie  same  name  as  the  greater  of 
tliese  two  quantities.    The  sine  of  K  is  to  he  placed  in  Col.  A. 

11.  The  sum  of  the  three  last  logarithms  m  Col.  8.  is  the  sine  of  the 
required  latitude  of  the  same  name  as  K. 

EXAMPLE  XI. 

Given  the  sun*s  correct  central  altitudi^  M^SHf,  and  his  declination  11^  N. 
After  an  interval  of  lb.  SOm.  by  watch,  his  correct  central  altitude  was  SO'^, 
and  his  declination  l.>^  5:i'  N.  Heijuiredthc  latitude,  the  sun  being  south 
of  the  observer  w  hen  on  the  meridian  ? 


*  This  role  !■  CMllv  rrmemhered  in  three  ptece*  la  which  ii  ocain.  fraoi  lb*  cifmoMtuee  UmI  « Is  ik%. 
fan  IcucT  of  MM  and  mom,  ami  <I  the  im  teller  aiiMrau$  and  4inn$a, 

t  irtlMMmteiakcaiofiad  Baad  ftcseetid  tll^,  iobifai^aihnaeo*,  aM 
wUh  a  dUTemiC  naow  from  A,  D. 

t  ThI*  caw-  occurs  also  in  the  fir«t  nnd  ^rcond  mrlhods  of  solutlnn.  and  it  nui>t  be  dfti  rminfil  on  tbr 
«pol  liy  Itic  situation  ur  til**  ottjerts.    In  oouMe  nitiludfs  nf  (h>>  i>iim,  nitioi),  or  i  J.ini»i.,  wlirn  ilifc!ap»*d 
lit:t<- i-.  not  »<  ry  gr«»at,  the  .in^lo  i5     j;.  Mi-r.tHy  I  .  he  n;iirk»  (|  uitli  tlie  bfiiriiij^'  ol  tli*-  .  rnilli  Iron*  th«> 
•   «b>«.'rv«»<l  nbjcri,  Vihea  tU  iti  prttUnt  altituAc  on  the  iin-i  wlurli  in  iioilli  l«litmli"»,  without  th»? 

lropic<,  is  in  j^fnt-r.il  north  ;  in  .oonth  latiiiMlrs,  wiliiunl  iln-  trr>|«ic«,  stmlk.  Siunctini'^s  wlion  ib«r  »un 
|>a^M:n  lh<.'  mcndUin  la-.ir  the  /.•rniili,  it  ina>  be  tioul>tliil  u  lictficr  tlio  /eniili  Ik*  no  th  or  ^<,\iih;  in  which 
case  the  prt»blein  may  Im>  M>lvt<l  for  both  catn.  (which  IncroH^cs  %bv  labour  but  little)  .ui<l  that  oar  of  the 
two  computed  ladiuttc*  •elected  wljh:b  agree*  ben  with  the  »bip'*  redwainei  ^  geoefally  Mf«»t 
not  to  aae  iibsswMlOM  of  this  kind.  wMci  ate  eaocwlhr  iirtile  io  great  crwMfWDm  siaalt  latandta  in  dis 

&  If  (lie  mm  be  taJicn  to  find  O,  anilUffSC^Mds  ISO*.  Mibiraet  U  fVom  SCO*  aad  «all  Uie  remtlnder  G 
with  atfi^^ma  tmm  (maZ  or  F* 
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Col.  1. 

HourBnp.H  lh.30m.[  P.M  3l,.|  sec.  10.03438 
Dedi.  (/ [ai  pr.alu.]  >3'  3a  S.  Idii.  'J.USXQ 


A[dif.iMJXM!fromd.]  15  04  8. 

alL]  U  00  N. 


9.43007 


M  «••'!•  •jri  •  •  •  •  I  M  4> 


01 


..41  m 

.tit  S 


ne>iObttMs 


7)19.96143 


tine  *  *  9.38266 
A[aanM aff.  as  H.]  oo^.  10.68512 


9J899S 


lid 


iJBTTO  F  S*4VN.C»«MklL>SI« 


083738 
10.05349 


K    ft  m  9. 


CoLS. 


9.98411 


z  57  It  B.riiHiii*,aif: 

059  68  R. 


'T  les«  M-']  sfc. 
[I  oamcdasQ.] 


•mm 


•  41'  4jl.«fiM  ojnSA 


i  Sum  66  41  CO'fine  9.73978 

I  S^^.«lt.=J)^iii.   t  41      line  9.06589 

fiiln4lH>* 

4Z  ..........^^..28  39 

Z  ^7  13  N.  [niuned  tike  bearing  ofZeaiUi.] 

If  the  latitude  had  feeen  south,  Z,  instead  of  heinp;  31^  18'  North,  would', 
tie  570  18'  South;  G,  ^4^  38'  S.  I,  42^  37'  S.  K,  28^  57'  S.  and  the  latitude 
«S0  94'  8.  The  lalwur  of  maklnK  this  ezCn  etleolatioii  is  but  Kttle,  and 
'where  any  douht  exists  of  the  name  of  Z,  it  is  best  to  make  the  computatioii 
bdth  ways ;  this,  however,  will  rarely  happen.  The  calculations  of  this  ex* 
ample,  and  most  of  the  following  ones,  are  made  to  the  nearest  minute; 
wlicre  great  accuracy  is  required,  it  will  be  proper  to  take  the  logarithms 
tnd  aD^es  eomsponding  to  seconds. 

EXAMPLE  XII. 

The  sun's  comet  central  altitude  was  8S0  25',  his  declination  17^  S.  8 
«liours  afterwards,  by  a  watch,  tlie  sun*8  correct  central  altitude  was  30°  8', 
And  declination  1 6°  55'  S.  the  obsenrer  being  in  a  high  south  latitude.  Re- 
quired the  latitude  ? 

Col.  a  I         GoL  s. 


Col.  I. 

RawII  8li.[r.M.lCh.=4h.A.M.]spc.  lO.oOlOfl 
D0dL  d  [al  gr. altt.J  I7''00' S.  laa.  3.46534 


A[difjiaiiMlhMDd.l  148  33  N.  tan.  8.78637} A[i 
]ftllee.£atk8itali.]  16  SS  B.  ~~ 

»  i  tSTtt  It,  ^ 

O  Hi  61co4te.UMlMO[inM«CasB}eo4in«  ?.570b7 


Qicafest  dlMadc 

Sum  *.  

T  .Sum  


^  06 

92  25 


iT»  ■-;4 


aAulL] 


.  tiae  9.4€5!H| 
10J2t35a  < 


:.iat26<4 


0 


Z25  46  8. [Plots  90°,<Jin\ 
— >—        Boine  fim.  U.1 
•JQOOaOJSSB  8. 


S8*6r8.lBll.  lOLlSSS 


 87  12  co-sine  3.68336 

I S— qr.  alUiSsIteiii.  54  47  tine  9.91211 
8iin4los* 

kZ  


2)18.611660 


12  6S     8iM  8.SltSS 


F Strays.  OMan.  10.29f0') 


IC88  86»] 

mG.] 


Dec  D  IS  55  8.  [atlmtal!.] 

^       70  46  S  !  i'lne 

Latitude ....  53  28  S.  sine 


957iot» 


9^Jdl» 


Z   25  4ii  8.  [namdUkr  l>cariiif  ofZeoIlb.] 

If  tlK"  zenith  liad  heen  north  of  the  great  circle  passing  through  the  axin 
and  moon,  we  should  46'  N.  G  l'^  04'  S.  1 1^  50'  S.  K  IV9  4&*"S. 

;«irfrthe  latitude  0"  1«'S. 


Digitized  by  Goi5^K 


TOKLNDTHE  LATlTUDt  BY  DOUBLE  ALTHUULS. 


EXAMPLE  XIII. 
Simposc,  at  llic  same  nionimt  uftirae^  the  moon'9  cortect  central  altitiulr 
%\        -  liO',  the  moon's  «.        ition  0^  30' N.  the  sun's  correct  ceiUnil  alti- 
tude 57^  40',  the  sun's  declination      17'  S.    The  hour  angle,  or  diflV  rencc  ^ 
of  th'      '  t  ascensions  of  the  sun  suid  moon,  heing  hy  the  Nauticul  Almanac 
f»  hom  -  ur  7i^.    Requu-od  liic  latitude,  sui)posing  it  to  be  north  ? 

Col.  r.  Ck>L3. 
 I  ttn.  10.571^ 


Col.  I. 

«!o«r  angle  H  5h.  (P.  M.  lOh.)  ftc  l0^e7tW 
Uecii.  d  (At  gr.  •it.)    0^  56'  N.  tan.  8.02UCH 


A^Oif.oajne  froiu^)  %  19  8.  tan.  B.f»70  t 

DOed.  (at  least  oil.)  0  17  S. 

B              .  2  38  S 

C  '00  co-«ec.  I0.0l50f 


 sine  'o.OJOOj 

A(uine  dff.ii  U.)  co-»ec.  1 1  .SdSSfi 

ci>-Hnfl  9.f0955 
C  same  off.  «sB)co-6iae 


co-sIne  S.^dG* 


..co-iec.ll  S-tSOa- 


•  0»42  5.co*taD.  n.9H89 


alUlodc  .7  10 

Greatest  altitude  . .  55  SO 


Kc.  10.10)51 


Sinn   16&  00 

,  ^  - 


'  Sum  &4  00  co-tiue  aX)lSS^ 

:  i^-i^r.  ali.=RtBi.  2S  40      sine  9.68092 


iSaia  of  4  lo^i. 

4  7. 

7 


G  uae      £?.7t)a73  G  30  22  Ji. 

 co-Un.  10.11211 

I 


Z29  40  N.CFleMSO^.diflr. 

naniefiQ.  li) 


Sr,^  13'  N.  tan. 


.  •  •  a^  •  •  • 


•we 


9.816 1  f> 


Dec.  V  0  17  8.  (<l  Ir H  nU  ) 
K       33  56  N. 


1  lc«s  00"]  IPC. 
I  tianicilaaCi  J 


I 


.uAe 


10.077 4B 


•M'  N.shW 

a  « 

:  *r 


14  50      (iite  J.4UUii« 
.'J  40  N.  (namtsl  like  tjearin^  of  Zenith.') 


it  the  zenith  had  been  south  of  tlie  great  circle  passing  through  the  olr- 
jects,  we  should  have  Z  £9^  40'  S.  G  28^  58'  S.  1  a-i^  ti'  S.  K  32^  '2^i'  S- 
<uid  th»'  iMt  itudc  C2<^44'  S. 

EXAMPLE  XIV. 
Given  the  moan's  correct  central  altitude  47^  37',  the  moon's  dccllnati<m 
17^29'  S.  the  f*un's  correct  central  altitude,  at  the  same  time,  ST^li',  the  simVi 
decUnrition  8'^  28'  S.  tlie  hour  angle,  or  dift'erciice  of  right  ascensions  of  thu 
sun  and  moon,  5h.40m.  ias.  or8Ii^7'.  Kequiredthe  latitude, supposed  north? 


Col.  I. 
Hour  U  B5«»7'  (P  M.l  1 1 
Dceii.  d  (at  p.  alt.)  1  ■  - 


Cot.  ?. 


I1.06T»l>:i 
.  un.  9.4D83^ 


A  (<ltf.  same  ttxuad.)  74  53  H .  tan.  l().56&'ii 
D  Decl.(u  least  ait)   R  2Z  6. 

B  "i  25  N. 


i  51  co  sec.  1000838 


sec.  10i]5l55 


anwtnt  nYlittHle 
Sunt 


47  37 


•  a  •  •  ' 


ii4 


A(sanie  aflUs  H.)  co-sec.  1001^.1 


Col.  3. 


cc>-&'kDe  9.6021^ 


C  (same alt.  u*  Lt)  co.«ine  9.()65i l 


I 


 bine  'j-Si-HT 

cO'tnn.  10.2859! 

ae^j?' N.tau.  y.87a^ 


i  :.7  50 

.  T  i  i5  co.dti«  9.3084 

i  jj— ^t.ali.^iUi.i  13  fine  a7lfi£0 
Sam  of  4  lopi. 

/  19  40 


Dec.O  C  28  S.  (at  least  ait.; 
K       '^8  09  N  


2)19.05438 


.cv-.Miie  '.'.41628 


.  co-sec.  10jSS7a8 


I 

I 


F  iC"  J3  S.  co-tan.  10.52251 


Z  33  20  N.(Fle«««)Sdiir. 

  iijiiie  fill.  B.) 

G22  37  N. 


me 


[I  less  90«»J  sec. 
[I  named  asO.] 


9^4t5 
104)8548 


fine  9.67374 


I.aliUaW'    150  41' N.siue  9.43163 


sine  9.5271S 
20  V.  (named  ltkel>cario?  of  ZeniUi.) 
il  Llie  /.t  ialU  had  been  south  of  the  tcrcat  cir- 


sing  through  the  ob- 
S.  K  66^3  SO'  S.  and 
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FOURTH  ;MKTIIOn. 

Tq  fuul  live  Laliludt  from  the  uilUudes  and  distances  found  in  laki»^  a  lumr 

oftMfiNEfibn. 

This  is  a  particular  case  of  Form  V.  and  is  more  simple  than  tlie  general 
fKilution,  beeauae  the  true  distJince  of  the  objects,  computed  in  working  the 

lunar  obser\'ation,  may  b«-  used  to  shorten  the  calculation  of  the  latitudes;  WV 
shall  tlierrfoH'  kIvo  n  particular  rule  for  this  method. 

Having  tiie  apparent  altitudes  and  distance  of  the  objects,  find,  by  any  of 
the  methods  or  working  a  lunar  observation  hereafter  given,  the  trut  distuice. 
Find  dso  the  trut  altitudes,  by  correcting  the  apparent  altitudes  for  parallaK 
and  refraction.  The  correction  of  the  moon*s  altitude  is  equal  to  the  dijffer' 
met  between  59'  42"  and  the  correction  already  found  from  Table  XI\.  in 
working  the  lunar  observation;  this  difftrtnct^  added  to  the  moon's  apparent 
Altitude,  gives  her  (rue  altitude.  In  like  manner  the  correction  of  tfie  sun'tf 
altitude  is  equal  to  the  difference  between  60'  and  the  correction  already 
found  in  Talile  XVIII.  (or  in  Table  XVII.  if  a  star  is  used):  this  difference 
is  to  be  subtracted  from  the  sun's  (or  star's)  apparent  altitude,  to  obtain  hiS 
true  altitude.  The  time  at  Greenwich,  corresponding  to  the  trut  distance^ 
having  been  found  io  working  the  lunar  observation,  take  firom  the  Nautical 
AJmanac,  for  this  time,  the  declinations  of  the  sun  and  moon,  as  wns  taught 
in  pages  110,  lot,  :uid.  if  pireat  aceurary  is  required,  the  correction  for  second 
differences  of  the  moon's  declination  may  hr  noticrd.  as  in  Problem  I.  of  th** 
Appendix  to  this  work.  If,  instead  of  die  sun,  a  star  is  used,  its  declinatiou 
vascg  be  obtained  from  Table  VHf.  or  more  accurately  from  the  Nautical 
AlmanaCf  being  one  of  the  .2  1  hiis^ht  stars  whose  place  s  are  now  given  for 
every  ten  days  in  that  ^v-  m  U.  From  these  declinations,  the  nurth  polar  distances 
must  be  found,  by  adding  tiie  declinations  to  90^  if  southt  or  aublracUng 
from  90^  if  north. 

'  Having  thus  obtained  the  irvit  distance,  the  (rue  altitudes,  the  deelmfttiofis 

sind  north  polar  distances,  the  latitude  may  be  computed  by  the  following 
rule,  adapted  excliisiv<'ly  to  Tahh-  XXV'll.  writinsr,  as  before,  sine,  ro-sine. 
Sec.  for  log.  sine,  log.  co-sine,  &.c.  tiie  lu'garithm::^  being  aiTangcd  in  three 
c61umn5  aii  in  the  former  melliods. 

RULE. 

1.  Place  in  Col-  1.  the  fn^*  distance  and  the  pohr  dislnnce?.  Take  theip 
/ta// sum,  subtract  from  this  half  sum  the  polar  distance  of  tiie  object  whicli 
had  the  greatest  altitude,  and  note  the  remainder.  Put,  in  the  same  column* 
the  co-sfecant  of  the  true  distance,  the  co-secant  of  the  polar  distance  of  th^ 
object  having  the  least  altitude,  tlie  sine  of  the  half  «/m,  the  sine  of  the  re» 
mamder.  The  sum  of  thes**  four  lop^arithms  (rejectin}:;  20  in  the  index)  hein^ 
divided  by  S,  gives  the  sine  of  an  acute  angle,  which  being  found  and  doubled. 
Is  to  be  wHxd  the  angle  F. 

2.  Place  in  Col.  1.  the  true  distance  and  the  true  altitudes.  Take  their 
half  stnn,  and  also  tlie  rtmuirrler  or  difference  between  the  half  sum  ami 
the  greatest  altitude.    Place  in  the  sam>-  column  the  co-secant  of  the  distanci^ 

.  (before  found)  the  secant  of  tlic  least  altitude,  the  co-sine  of  the  halfsum^  the 
sine  of  the  remainder.  The  sum  of  these  four  logarithms  (rejecting  £0  ta 
the  index)  Ix  ing  <Iividcd  by  %  gives  the  sine  of  an  acute  angle,  which  behi|^  j 
found  and  douhird,  is  to  he  calK-d  the  anfjle  Z. 

S.  If  the.  zenith  and  north  pole  he  situated  on  the  snunc  side  of  the  p;rerit 
circle,. passing  tiirough  the  two  objects,*  take  the  8um\  of  tlie  angles  F  ^  Z 
for  the  angle  6;  but  if  the  zejnith  and  tmfk  pole  be  situated  on  i^j^tmAMA 
of  that  great  chrde,  take  tfaehr  difmue  for  the  an|^  6.  Place  the  co-siM 
of  G  in  Col.  2. 

»i.4.    Write  in  Col.  2.  the  co-tangeut  of  th«  IrnM  altitude,  :;nd  its  sine  in  Col. 


.    *  Inplaceswtaioal(lwO«flM,tbc«iniiU  oKd  fmrallria  vofMcm  hOtodcK  and  ibc  ^*mct  In 
t  irtlili  Mm  alMNiU  esoeetf  1W>  Mibinut  it  from  SSdfi  and  call  tlie  rf  imliMfer  tlie  itn^W  G. 


'*  Digitized  by  Gopgle 
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'S.*  The  sum  of  ihe  two  lo^aritliins  in  Col.  2.  is  the  tangent  of  the  anple  L 
t\hich  is  to  be  taken  less  than  90^,  and  niarkeil  south  if  thr  angh*  i\  is  Itss  than 
90^  but  north  if  G  is  mon  than  90^.    Place  th<'  secant  of  I  in  ('«»1.  A. 

0.  Place  the  declination  corrps|>ondin^  to  the  least  altiludt*,  below  I ;  Take 
theiV  sum  if  of  the  suvie  name,  but  their  di^rrence  if  of  differtni  names  ;  call  tJiis 
?um  or  difference  the  angle  K.  and  mark  il  with  the  same  name  as  the  greatest 
of  the  two  (juantities.    Place  the  sine  of  K  in  Column  3. 

6.  The  sum  of  the  three  b>garithms  in  Col.  3.  (rejecting  in  the  index) 
4S  the  sine  of  the  latitude  of  the  same  name  as  K.  , 

Having  found  the  latitude,  the  hour  may  be  obtained  by  means  of  the  true 
Altitude  and  declination  of  the  sun  or  star,  by  any  oPlhe  usual  methods  here- 
after given  for  that  purpose ;  but,  if  the  last  of  the  observed  altitudes  was  thai 
of  the  sun  or  star,  the  horary  distance  t>r  that  object  from  the  meridian  might 
be  obtained  more  simply  by  the  following;  rule,  adapted  to  Table  XXVH. 

KcLE. — Add  the  tangent  of  the  angle  G,  the  sine  of  the  angle  I,  the  secant 
of  the  angle  K,  the  sum,  rejecting  (20  in  the  index,  is  the  tangent  of  an  angle; 
takeout  the  corresponding  time  in  the  Column  P.  M-  or  in  the  Column  A.  M. 
increased  by  12  hours,  hcilf  of  either  of  these  tinics  is  the  horary  ilistance  of 
the  lowest  observed  oliject  from  the  upper  or  Uiwer  meridian,  w  hence  the. 
Jiour  may  be  obtained  directly  if  it  be  the  sun,  but  if  it  be  the  star  (or  moon) 
it  is  obtained  by  applying  its  horary  distance  to  the  hour  of  passing  the  meri- 
dian, according  to  the  usual  methods  of  fmding  the  time  from  an  altitude  of 
a  fixed  star,  or  the  moon. 

EXAMPLE.— as  Dr.  Brinklcifs  N.  A.  1C2:>.; 
jSIaj  I9d.  ah.  dm.  P.  M.  in  the  longitude  of  7h.  sl.im.  west,  it  was  found 
tiy  working  a  lunar  observation  that  the  correct  distance  of  the  centres  of  the 
sun  and  moon  was  90°  57'  20";  true  altitude  of  the  sini's  centre  I  l  ^HS'  12"^ 
true  altitude  o(  the  moon's  centre  27°  Ai'  18".  At  the  same  time  by  the 
Nautical  Almanac  the  sun's  declination  was  19°  OH'  48"  N.  the  moon's  decli- 
nation 13°  05'  48"  N.    Required  tlie  latitude  and  hour  by  this  obserotion  ? 


Col.  I. 
»*5r  20' 


jP.dUuatk.alt. 
r.  dUt.  •(  grjlt. 

7>) 
76 

03  12 

04  12 

237 

04  44 

Is.— y^Jitgrja.  42  28  10 

^  p 

36  00 

105 

12  00 

Tnt*  <Ji<tance 

90 
11 

57  20 
93  12 

greatest  alt 

27  32  18 

130 

02  SO 

«5 

01  25 

i  Smu— jr.alt. 

37 

29  07 

J.z  

Apgle  Z  

90 
.  61 

4R  tr. 

36  6  .: 

CO- tec. 
co-8«<:. 


•ine 


lO.dOax, 
I0.02'^7 


9.04371 
9.mi3 


U  14  ram  of  F,  Z,  KnorlK  jmAc  nnd  Ttnilh  aft  on  tamt  »U]t  *>( 
of  great  circle,  but  clieir  Uiffcrtncc  if  uf  diH'i-rciil  Met. 


2)i9.e00lU 


Sine 


a.90005Z 


co-«ec.  loixwoc  a 

1^  lU.OOSSij 


sine  9.78480 


2)19.41881 


«Ine  9.70910 


Col.  2. 


Col.  rv. 


O      .  J, 

CI  ac 


105  12  00 
IGO  48  52 


co-siiw  9.98840 
.  co-Un.  10.t;ti947 


le^  itian  90",— naol^'l 
loutti  if  ti  if  leM  ituin  VO"', 
north  if  0  luurc  ib.in 
90" 


I      78  08  33  N.  tan.  10.67787 


Dec.  19  56  48>\(at  least  alt.) 
9.62657  K 


9.30  n.3 
lO.CSTJv) 


98  Oj  21  N  >ine  O^Ju'mjO 

Latllude   74'»  48  N.  tine   9.981V;  • 


Q. 
I  . 
K 


To  find  (Ac  Hour. 
 tan.  9.3f.974 

 Sine  g.gjiB.n 

 tec.  I0.85l(k( 


Hour  p.  M.  7b.  47B1.  42.*.  or  A-  M.+l2h.=l6b.  I2in.  iC*. 

I  Sh.53m.Sli.  or  8b.  OQilt.  09l. 


Uu.  10.21203 


Dirided  by  2  If ive*  the  homrr  diirtAnce  of  > 
tbe  lowe$l  ohj«;t  froia  the  mcridmo,  S 

Th«-  sun  being  at  the  lowest  altitmle,  his  distance  from  the  upper  meridian 
was  8h.  fim.  Us.  beinp  the  hour  of  the  day,  and  the  sun  s  distance  from  the 
lower  meridian,  or  midnight,  was  .Sli.  0dm.  :;ls. 


*  Boib  tlicfeltn/uriiliius  i.i'iy  be  (iikon  uui  at  the  laine  lime  %hrn  ti 
cqntpuiiniDn  of  ibe  Mfll*  Z. 


)e  wua  found  iotlie 


oogle 
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I^UESTioNS  FOR  EXERCISE. 

Id  the  following  ([uestions  the  sun's  seminiiaineter  Is  sii)>pci9ed  to  bc^tii', 
and  the  parallax  nothing. 

1 .    Bi  ing;  at  sea,  in  latitude,  by  nrcou!it       -2^'  N.  "when  the  sun's  declina- 
tion n;is  :(P  n'  N.  at  llh.  SOm.  If/s.  A.  M.  ]wr  %vat(h,  the  altitude  of  the 
sun's  lower  Itiuh  was  observed  to  be  08-^  18'  4r>",  and  at  lidh.  SCra.  <d8s.  P.  M. 
was  70O  58',  the  height  of  the  eye  being  21  feet  above  the  snrfoce  of  the  sea. 
'Required  the  true  latitude  of  the  ship  T 

Answer,  SQ^SS'N. 

it 

'2.  Bi  in;?  at  sen  in  latittid*'  jQ^  40'  N.  by  nrcounl,  at  lOh.  17m.  30s.  A.  M. 
per  watch,  the  altitude  of  the  sun's  lower  limb  was  observed  to  be  17^  4^' 
and  at  llh.  17m.  80s.  was  19<3  SU',  the  declination  bebg  SO^  S.  and  the 
Jieight  of  the  eye  21  feet  above  the  sea.  Required  the  latitude  in  ? 

Answer,  50O]'N. 

:».  SM))pnse  a  ship  at  b«ja,  in  lalitude  47^  34'  N.  by  accouut,  and  that  at 
nh.  55ni.  SOs.  by  watch,  the  altitude  of  the  sun's  lower  limb  was  17^  24', 
bearing  by  compass  S.  by  E.  k  E.  and  at  l£h.  r)4m.  10s.  the  altitude  of  tiie 
^nme  limb  was  21^45^'  the  declination  being  19'^  Sif  S.  the  height  of  theeffO 
io  iVvi  ab(>\  (•  till*  «ea,  and  the  ship's  course  by  compass  £.  k  S.  at  the  rate  of 
'  knots  per  hour.    What  was  the  true  latitude  ? 

•  *         Answer,  470  24' N. 

1.  At  nh.  iiSni.  ilOs.  A.  M.  per  wafch,  the  altitude  of  the  sun's  lower 
liiiibw:!.*  2r,">  la'  the  brarins:;  S.  by  W.  by  comp^*;s.  At  Ch.  boin.  '20". 
p.  M.  t^«>  altitude  of  the  sann-  Tnnb  was  16°  JO',  tin-  height  of  the  eye  20 
feet,  his  declination  \  17'  S.  and  the  latitude  by  account  47^  i>0'  IS',  the 
ship's  c'jurse  during  the  elapsed  time  N.  E.  with  her  larboard  tacks  on 
board.*  ^ailuig  at  the  rate  of  (5  knots,  and  making  half  a  point  lee-way— 
wbat  latitude  was  she  in  when  the  last  altitude  was  taken? 

Answer,  48°  O'X. 

'  To  find  the  latitude  by  one  Aliitude  of  the  Swi  tal-m  near  noon,  hathtg  the 
tint  of  obatnation  by  a  well  regulated  watch. 

When  the  sun  does  not  pass  near  the  senith,  the  meridian  altitude  and  the 

latitude  of  the  place  may  be  accurately  determined  by  observing  his  altitude 
when  near  the  meridinn,  and  noting  the  time  by  a  watch  regulated  the  pre- 
ceding morning  or  following  evening,  by  either  of  (he  methods  given  in  this 
w*ork.f  To  this  time,  by  the  watch  must  be  applied  a  correction  equal  to  the 
diflrereQ«o*of  longitude  made  by  the  ship  (turned  into  time)  in  the  interval 
between  the  regidation  and  the  observation  near  the  meridian,  by  adding 
irficn  the  plttrr  of  raruhition  was  to  thi  westward  of  the  jdare  of  tnkins^  Ihr 
other  obsa  vatim^  othcncise  hy  subtracting ;  the  sum  or  dili'erence  will  be  Ihf 
time  of  taking  the  observatiun,  whence  the  time  from  noon  will  be  obtained ; 
with  which  wd  tlie  observed  altitude  (corrected  for  semi-diameter,  dip,  &ic. 
af  usual)  the  sim's  declination  (found  in  Table  IV.  and  corrected  for  thft 
longitude  of  the  ship)  and  the  latitude  by  account;  the  latitude  by  observa* 
tion  may  be  found  as  follows :  * 


*  Til"  hH»«Kud  Mrteof  asb^  b  the  left  tide,  v.lirn  tfi?  oli«'iVf  r  afl,  lonUingtuwnnl  fior  lir.vJ.  and 
Uic  .<iti(Ux>anl  U  ibe  ritrht  wd**.  Wbcn  a  uhlp  «  'itilini,'  with  lirr  iJ.rU'  nl  i.t -kk  on  l»u:uil,  the  Ic<»-\\.iv  is 
allow <rl  to  ill  r'-.'I  '.  I  .Tfl;  hill  if  ln'i  MarNjanl  la.  ks  ariMni  l)anril,ln  '.Im'  1' It  h  ind. 

In  c;tlruUaini|  ilic  .ir«v,i  r-  .  j  th.  qm-Mioiij,  projinni.  nal  piirt>  w-rc  tak«rii  for  tLf  sorontls;  a  ?traH 
dlflT'TCtiro wn'il.l  Ik*  Ioj  ui  ii        ni'iiie  vllni'an'l    i"-  uiiiy  ui'it*  U)k«*i!. 

t  Ttie  best  Uinc  for  r<-|;aUlui^  h  tv.«tch  U  m  licn  the  sun  War*  near^*  cut  or  «v  cft,  mid  if  aljove  lO"  fr«m 
tlie  l>oH«oii. 
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RULE.  ^ 

Aid  togtther  the  log.  co-$\nt  of  tfir  Ivl'itu  lt  hij  nanxml  (Talk  X XHf.)  tl,t 
los^.  co-sine  of  thr  dtrlimifion  (Tulb  A  A  (  II.)  tJa  loiraritlini  in  f/n  cnluu-n  if 
rising  (Table  XXIII.)  cornsponding  to  tin  time  from  noon  wlun  tin  obstrtu- 
timvDoatakm;  njtct  in  the  index,  ^  naturai  number  of  the  remaUidcr 
being  fowid  (In  Table  XXFL)  and  added  to  the.  natural  sine  of  the  obtented 
aUUude  (Table  XXIV.)  the  sum  will  be  the  mitural  co-sines  of  tin  mtridian 
Zfnith  flisfanrt,  frnni  whirh  thr  fafiti'dr  may  be  ohttiintd  hy  the  comvxon  nibs. 

If  Uic  computed  latitude  diJki-s  rotJsid<  rahiy  from  IIr*  latitude  b|  account, 
It  is  best  to  Nipeat  the  operation,  m\n^  the  latitude  last  found  fauitead  of  the 
latitnde  by  account.  This  method  of  findiog  tli<-  hititude  by  a  single  altitude 
of  the  sua,  may  be  applied  to  any  other  i:eit:hUal  object. 

EXAMPLE  I. 

Being  at  sea  in  latitudi^  "  jo'  N.  by  account,  whi-n  the  sun's  dcclinatiuu 
was  90^  at  llh>  €9in.  SOs.  A.  M.  per  watch,  regulated  the  preceding  morn- 
ing, in  a  place  20  miles  of  longitude  to  thr  eastward,  the  sun's  rorrrrt  cen- 
tral altitude  was  19^  11*  bearing  south.    Required  the  true  latitude  I 

U.  M.  s. 

Thneperwateb  11  89  90  Latitade  49^  W  Co-sine  9.80937 

80^  hi  T.  by  Tab.  XXI.       1  90  DccHa.    90    0  Co-suie  9.97999 

Tine  of  obsenration..!!  S8  0  Time  from  noon  Ob.  3Sbi.  Os.  Log.  rising  2.93^*20 

12   

  Nat.  Num.  590  log.  2.7707b  " 

Time  from  noon   32   0  CeuUral  altitude  19  U'  ^im 

M.  r.  /rn.  (Hbt.  fi9  57  N.  Co-sifie  34272 
PcclinaUon      20    0  S.    .  " 

Latitude  49  57  N. 

EXAMPLK  H. 

At  sea  in  tht:  latiutiie  of  GO  N.  by  account,  the  sun  i>ritf<;  on  the  C(]iiator,  a£ 
Oh.  59m.  08.  P.  M.  per  watch,  rcji^ulated  the  preceding;  morning  in  a  place  ]f 
miles  in  longitude  to  the  westwiu-d,  the  sun's  correct  central  altitudef  was 
bearing  sriuth.    Required  the  latitude? 

Tfane  per  nateb  0  59  0  Latitude      60  N.  Co-sine  9.60^07 

lyioi^uitbne      10  Declination    0  Co-nne  lO.OOOOO* 

Time  from  noon  1   0  0        Time  Lorn  noou  lit.  Oio.  Lo^*  rising  3.53^3 


Nat.  Numb.  1701   Log.  3.211 10 
Central  aUitudc......98^  53'      6iue  4b303 


Mer.  zenith  distance.. 60  0  N.  Co-sine  •...50i»07 
Declination..  0     0  ■' 


Latitude  60.  ON. 

When  the  observation  is  taken  a  few  minutes  before  or  uUernwon,  tiie 
correction  to  be  applied  to  the  dtitude,  to  obtain  the  meridian  altitude,  may 

I»e  found  by  means  of  Tablets  XXXIL  XXXIIL  tlie  first  of  wliieh  contains 

the  v.tri  ition  of  the  nltitude  r<»r  or)e  minute  froiii  tMMin.  eyiTr^^ed  in  sf-ronds 
and  tenlii;* — the  oilier  conLiins  tlie  square  of  the  mii  utrs  and  ;.ec«»ini'<  of  a^ 
minute  contained  in  the  top  and  tin;  .side  columns.    IJy  th«*se  table.'i  thecor« 
rection  of  the  observed  altitude  may  be  found  by  the  foUoiving  rule. 


The i>liMrwd  niiitudf  of  the  tuwer  limb hAng VtPiSS.',  0'$  aeioiHllAibcKr  UT,  Wp  4'.^U>fnctiin  3*, 
FitraHjui  too  louUl  to  be  nolicrd.   

tM  <nnatl  to  be  iHitt'Cl. 


i  jQ   TO  FIND  THE  LATITUDE  BY  ONE  ALTITUDE. 

RULE. 

Enttr  Table  XXX//.  and  fnd  the  latitude  by  account  in  the  side  column, 
QYid  the  declination  at  the  top,  opposite  the  former  and  under  the  latttrr  tvill  he 
the  change  of  altitude  in  seconds  and  tenths  for  one  minute  from  rioon :  that 
enter  Table  XXXIII.  and  fnd  the  minutes  of  the  titne  from  noon  in  the  top 
column,  and  the  seconds  in  the  side  column,  under  the  former,  and  opposite  the 
latter,  tcilJ  be  a  number  tokich  is  to  be  mtdtiplied  by  the  number  taken  from  Ta- 
ble XXXIl.  and  the  product  unit  be  the  sought  change  of  altitude,  expressed  in 
seconds  and  decimals. 

In  making  use  of  Table  XXXII.  proportional  parts  may,  if  necessary,  bp 
taken  for  the  miles  of  latitude  and  declination.  The  numbers  in  botli  thjcse 
tables  are  expressed  in  whole  numbers  and  tenths. 

EXAMPLE  III. 

Being  at  sen  in  the  latitude  of  40^  N.  when  the  sun's  declination  was  21® 
K.  at  8'  past  noon  the  sun's  correct  central  altitude*  waa  70°  58'.  Bequircd. 
rbe  meridian  altitude  and  latitude  ? 

In  Table  XXXII.  opposite  40°  lat.  and  under  dec.  is  4".S,  and  the 
nmnher  in  Table  XXXIII.  corresponding  to  8'  is  64.0.  By  multiplying  64.0 
by  4".3,  the  correction  275".2  (or  &'  nearly)  will  he  obtained;  this  quantify 
added  to  70°  i>8'  will  give  the  meridian  altitude  71^  3',  and  the  latitude  df- 
iuced  therefrom  will  be  39°  57'  N. 

By  observing  several  altitudes  of  the  sun  when  near  the  meridian,  and 
noting  the  times,  the  meridian  altitude  may  be  obtained,  by  the  above  method, 
to  a  great  degree  of  accuracy  ;  for  by  using  this  method,  many  observations 
may  be  taken  on  the  same  day,  and  the  mean  of  the  meridian  altitudes  de- 
duced therefrom  will  in  general  be  much  more  correct  than  that  obtained 
by  a  single  observation,  by  the  usual  method.  To  obtain  the  corrtjction  to 
b©  applied  to  the  mean  of  all  thv:  observed  altitudes,  proceed  thus : 

Take  from  Table  XXXIII.  the  number  corresponding  to  each  time  from 
noon  (the  minutes  being  found  at  the  top  and  the  seconds  at  the  side,  the 
correction  being  under  the  former  and  opposite  the  latter)  and  divide  the 
sum  of  these  tabular  numbers  by  the  number  of  observations,  the  quotient 
being  multiplied  by  the  number  taken  from  Table  XXXII.  will  be  the  cor- 
rection to  be  applied  to  the  mean  of  tlie  observed  altitudes,  to  obtain  the 
meridian  altituae. 

EXAMPLE  ^v^ 

.  Being  at  sea  in  the  latitude  of  50°  N.  by  account,  when  the  sun's  declina- 
tion was  N.  observed  with  a  sextant,  the  altitudes  of  the  sun's  lowftB 
limb  (bearing  nearly  south)  as  in  the  following  table :  the  correction  for  semi- 
diameter,  dip,  refraction,  kc.  being  12'  additive.  Required  the  meridian 
oltitude  and  latitude? 

The  mean  of  the  numbers  from  Table 
XXXIII.  is  17.&,  this  multiplied  by  the  num- 
ber of  seconds  from  Table  XXXII.  viz.  £".£>, 
gives  tlie  correction  43".75,  or  44",  which 
added  to  the  mean  of  the  observed  altitudes 
6lO  46'  gives  the  meridian  altitude  of  th<^ 
sun's  Iow:er  limb  61°  40'  44"  or  61  o  47' 
nearly,  to  this  add  12'  for  semi-diameter,  fcc. 
the  sum  61^  59'  will  be  the  correct  central 
meridian  altitude,  whence  the  latitude  was 

50^  r  N. 

If  the  above  altitudes  had  been  taken  with  a  circle,  the  calculation  would 
have  been  exactly  the  same,  except  that  each  altitude  wotild  not  have  been 
given,  but  the  sura  of  all  of  them  247^  4  would  have  been  shown  by  the 
central  index  after  finishing  the  observations. 


Obs.  Alt. 

Time  from 

Numbers 

0  L.  L. 

noon. 

Tab. 

61.4.5 

6'  10" 

38  0 

61.46 

4  15 

18  1 

61.46 

3  2 

9  2 

61.47 

2  10 

4  7 

Sum  247.04 

70  0 

Mean  61.46 

17  5 

itTlie  olijcnrsil  altiluilt-  ot  iho  sun"«  lo^*er  limb  heing  70^  Scmi'dianifter  iC,  pip  4',  Parallax 
n«'fi^'-lion  loo  small  i  i  he  nolu'frt. 


%    Di^itizedtv  Google 
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KXAMPLE  V. 

Ilaring  rcgulilcd  my  Avatch,  I  found  it  to  be  6'  2"  too  slow  for  apparent  time.  I 
(]ien  sailed  to  tbc  southward  and  cai*tvvarvl  till  the  xlup  had  made  60'  dirtercncc  of  long!-' 
tilde,  and  was  by  account  in  the  latitude  of  40^  N.  the  sun's  declination  being  20^  S. 
Yhe  sun  bein*  then  nearly  on  the  meridian  I  observed  ten  altitudes  of  his  lo«er  limb  by 
a  circle  of  reflection  and  noted  the  times  by  the  watch  a^i  in  the  foltotving  table,  and  the 
gam  of  all  the  altitudes  taken  from  the  circle  was  29S-  20'.— Kequired  the  true  latitude, 
:TUpposing  tbc  dip  to  be  4^  and  the  semi-diameter  16'? 

When  it  was  12  o'clock  by  the  watch  it  was  r2h.  6ra.  29.  apparent  time  at  the  place 
where  the  watch  was  regulated,  and  12h.  lOm.  2».  apparent  time  at  the  place  where  the 
'titudc«  were  taken  to  determine  the  latitude,  becau>c  tlie  former  place  wai*  60'  or  4'  ui 

e  to  the  westward  of  the  latter,  consequent!} 
e  watch  wa^  10m.  2s.  too  slow  for  app.  time  at 
e  place  of  taking  the  altitudes  for  determining  the 
titude.    Hence  we  may  determine  the  time  from 
noon  of  taking  each  observation,  as  in  the  second 
colamn  of  the  adjoined  Table,  and  find  the  numbers 
Va»TTcs{M>nding  in  Table  XXXllI.  the  mean  of  which 
6.97,  this  multiplied  by  the  number  in  Table 
XX XII.  corresponding  to  the  latitude  40~  N.  and 
4>«rlina(ion  20^  S.  viz.  l".6  will  give  11".  152  or 
which  is  tbc  correction  to  be  added  to  the 
inr^Qn  of  the  obsencd  altitudes  to  obtain  the  meri- 
«liHri  aJtitudc. 


Time  [tvr 
uralcli 

Time  ironi 

Numbers 

T«i>.  xxxin. 

11.45.43 

4'  15" 

18.1 

46.58 

3  0 

9.0 

47.52 

2  6 

4.4 

48.50 

1  8 

1.3 

49.28 

0  30 

0.2 

50.48 

0  50 

0.7 

51.10 

1  12 

1.4 

52.13 

2  15 

5.1 

.53.  8 

3  10 

10.0 

54.23 

4  25 

19.5 

Sam  69.7 


Mean  6.97 


Now  Die  sum  of  all  Ike  altitudes  295  ^^  iiy,  divided  by  10,  the 

uumbcr  of  observations  gives  20^  50'  0" 

Add  semi-diameter  lb'  and  the  above  correction  U''  H-  1^  H 

Add  parallax  found  in  Table  XIV  +  8 

Subtract  dip  4'  and  refraction  I'  39'   —  5  39 

Central  Altitude  30  0  40 

'/cnilh  diMahcc  59  59  20  N. 

Declination  20  0  OS. 


Latitude  39     59   20  N. 

tVlien  the  meridian  altitude  of  the  object  is  small,  tbc  oorrection  of  altitude  may 
he  found  by  this  method,  for  12  or  15  minutes  from  noon,  to  a  great  degree  of  accuracy  ; 
bot  when  the  sun  p  isses  near  the  zenilh,  the  time  of  obserration  must  be  proportionally 
Mirer  to  noon.  Thus  in  Example  1.  preceding,  tbt  time  from  noon  was  32',  and  a*i 
the  numbers  in  Table  XXXIll.  are  the  squares  of  the  number  of  minutes,  it  folloAy^, 
that  the  ntimber  corresponding  to  32'  would  l>e  the  square  of  32  or  1024.0.  This 
TT  V^niied  by  the  number  l".3  of  Table  XXXII.  corresponding^  to  the  latitude  t^O-'  N*. 

rlination  20  S.  will  give  the  correction  1 331  ".2  or  nearly  22',  which  added  to 
19  41' will  give  20  ~' . 3' for  the  meridian  altitude,  or  69 -  57' for  the  zenith  distanctr, 
1        'he  same  as  in  thnt  cxamjdc. 

.  very  advantageous  in  this  method  to  observe  as  many  alti- 
tadea  in  the  aAernoon  as  before  noon,  and  at  nearly  the  same  dis- 
tances from  noon,  for  in  this  case  a  small  error  in  the  rcgtdating 
of  the  watch  will  not  materially  aiTcct  the  calculation.  This  will 
appear  evident  b^'  suppotiing,  in  the  preceding  example,  that  the 
watch  was  U'  2'  too  slow,  instead  of  10'  2  ",  by  which  mesms  the 
tim*'  '  numbers  will  l»e  as  in  the  adjoined  Table,  and  the  mean 
i^f  numbers  taken  from  Table  XXXIIl.  will  be  8.15,  which 

led  by  V'.b  will  give  13"  nearly,  for  the  correction  instead 
PI  11  ,  so  that  in  this  case  on  error  of  one  minute  in  the  reg.ilation 
of  the  watch  would  only  cause  an  error  of  2  seconds  in  the  meri- 
dian altitude. 

But  it  must  be  carefully  observed  that  in  U!<ing  this  method  you 
'  Mot  take  the  observation  more  than  2  or  3  minutes  from  noon 
IP  «^in  ri---vr'^  vit^ifn  TO-'  or  12-  of  thf  zmitli. 


In  Tab. 

Times. 

XXXIIl. 

3.15 

10.6 

2.  0 

4.0 

1.  6 

1.2 

0.  8 

0.0 

O.'iO 

0.2 

l.-'^iO 

3.4 

2.12 

4.8 

3.15 

10.6 

4.10 

17.4 

5.25 

29.3 

Sum  81.5 

Mean  ^.  T '» 

4 


10  llKTERiMINi:  Tin:  LATITLDE  ON  SllOHL 


BY  VIEWS  OF   V\  ARTIFICIAL  IIORIZOA. 

IT  frequently  lia|tpcn.-«  tli  it  tlic  latitutle  of  u  place  on  shore  rannot  !>€  delermined  bjt- 
1  nictlioils,  Ity  a  qiiacirunt,  scxHul  or  oirclc,  on  arccuint  of  not  havin*  an  opni 
In  this  cusf.  it  is  customary  to  make  use  of  an  urtifK'ial  huri/on  foriuccl  by  the 
f».  of  a  vesarl  fiUcJ  with  water,  mercury,  Barbadors  tar,  very  clear  molasses,  or  any 
•  itiu  r  iluiil  of  lufticicnt  eoti.sij«tem'y  not  to  be  afTcrlf  il  by  the  wind.*    With  this  upparalns 
HI  ohsrrvatiiin  may  Ik'  taken  on  hliore  when  the  altitude  of  the  objeet  docs  not  exceed  60  , 
n  ith  as  much  case  as  at  scu.    Thus,  if  an  idtitude  of  the  »un  was  required  to  be  taken, 
the  observer  nnist  plare  Ihe  vessel  containing  the  mercury  (or  other  fluid)  in  a  firm  posU 
tion  on  the  cronnd,  and  in  a  frw  minut<'s  the  surface  of  tin-  liijuor  will  attain  a  horizontal 
situation  ,  Die  observer  must  then  place  himself  in  a  situation  so  as  to  sec  the  unagc  of 
the  sun  formed  by  the  lluifl,  which  ima^e  will  evidently  be  depressed  a-s  much  below  the 
horizon  a^  the  ^un  h  elevated  above,  *o  that  to  obtain  fhc  double  of  the  .-.un's  altitude  it 
i<  only  necesnnry  for  lh»)  «>b.sencr  to  bring  the  iin;u;e  of  the  sun  formed  by  the  instnimcnt, 
down  to  the  irna^e  formed  by  the  artifu-ial  horizon,  and  the  angle  then  pointed  out  by 
tUc  index  will  be  double  of  the  nltitude  of  the  sun,  the  half  of  which  will  be  the  apparent 
altitude.    If  the  nearest  lin»b>  of  the  two  images  art^  brought  in  contact,  the  h'.Uf  of  the 
angle  obtained  by  the  instrumrnl  will  be  the  altitude  of  the  sun's  lower  limb,  but  if  tbe 
i^'  farthest  limbA  arc  brought  in  contact,  the  half  angle  will  be  the  altitude  of  the  upper  limb. 
The  altitude  llm-'  obtained  must  be  corrected  for  "cmi-diatneter,  parallax,  and  refraction, 
: '.'t?  not  for  dip,  because  a  truly  horizontal  surface  is  obtained  by  means  of  the 
iXon.l  Im  this  nmnnr  r  the  alMtmIe  of  the  sun,  or  any  other  bright  object,  may 
be  obtained  whcnthr  idtitudc  is  less  thanC>0  ' ;  at  higher  altitudes  the  angle  corresponding 
would  be  above  1*20  ,  \^ '    '  moot  be  men.snrcd  by  a  sextant  on  account  of  the  length  of 
the  arcli,  norby  any  nllit    ...    .  ament  of  reflection,  with  asutllcienl  degree  oforruncy.  To 
illustrate  this  method,  wc  .shall  here  add  the  folh>wing  examples. 


KXAMpr.i:  I. 


I    The  nnsiilnr  «li<i.'»ni.v  of  ihe  fnrtliest  limb*  of  iLe 
two  iningrw  of  ibe  »ud,  «  ben  on  ttie  merttlMa,  was 
ntitahied  by  the  iit)ovr  lucUiod,  and  found  to  be  34* 
Mml  the  Ma'.iterai-dMiiteior  Hi  .  thf!  Mill  hrarin';  ■'outhIO',  wiivii  the  di>clina(ian  w«»  tO^  h'.  and  ibe  semi- 


in 


!n'ir.'<t  lini^"  "f  ilii'l 


llicxl  U>  lie  r;;H  hi ,  when  th«*  decluiation  wa*  10  »  t*. 


^  of  liic  observer.   ilcquu"eil  chc  iHiiiude  1 

Half  of  Rro  10' K  lb<>  obf.  all.  ■    ■  UP 
Add  seml-diaineUfr  


A' 


Subtract  rei'ra 
Tr  i'-  Mtitadp 


II  21 


;4  20 


1^ 


l< 


lO 


40  N. 
0  S. 


Th 
t  V  b\ 


1c  V 


diiinuncr  i6'  ;  the  sun  lioaring  north  of  the  tHacrvcr^ 
Kr(|iiirpd  tli»-  ialiiudr  ? 


Half  of  34«  0  il  Ihe  q'm.  all 
Subtract  teini-diamciti 


0' 


Refraction  tnih. 


4i 


True  nltiluilc   ti 


Zenith  dii«lanr^  73    l!i  S. 

Declination  .  . .  .  10    O  N. 


1  j       N.  • 


LAtitudr 


19  iS. 


tb 


I' 

V 

It'. 


V 

/ 

•^\  be  df'tennincd  on  shore  by  this  method  to  n  great  degree  of  accura* 
ircle  of  reflection,  by  taking  .several  altitudi:.H  a  few  minutes  liefor« 
'ian,  and  cstuualing  the  correction  to  l»e  apiilied  to  the 
.'I  .  .  \  \n.  and  X.WIII.    Thus,  if  in  the  example,  page  151, 

had  been  taken  in  this  manner,  tlie  number  of  degrees  d-noffd  by  the 
ikins;  tqn  observations,  would  have  been  5%'^*2t)',  this  divided  by  20,  (twice 
(ions,)  will  give  for  Ihe  observed  nltitude  29  ■  4b',  and  by  Juldii><; 
parallax        and  the  rorreeiion  found  by  Tables  XX.XII.  and 
111.  unds,  and  subtnicling  the  refraction  1'  39",  the  ccntml  altitude  will 

')        as  in  the  page  before  mentioned. 

you  miKl  iwa  »m>*n  fornteil  of  two  plani't  of  laic  or  srl.iw  v  r- 

'■  '  ■      ■'  "I-  in  a  I'r:"  ■ 

I  rnntnii 


1 1  ihc  $uri4Cf'  oi  I 
.   i.nl  not  liecii  iH«nl.    Il  ii      .  .  .1.  ..  .  I,  ,  I   1.,.  i.iiH.  .  .  .1  .  J,  .  4.  . 
the  sun's  licnt,  this  inny  in  tome  mcnsurv  be  avoided  tir  b««tin|f  y|m' 


r,  il  must  be  npulicd  to  tbc  obfvrrrd  an{r!e,  or  llie  Lnlf  of  :» 


TO  DETERMINE  TilC  UITITLDE  ON  SHORE,  &c.  1^ 


Aldtudet  may  be  observed  in  this  manner  in  taldng  an  aaimutb  for  del^* 

mining  the  variation,  or  for  regulating  a  watch  in  the  manner  explained  in 
ihis  work. — Qhsrrvlng  in  nil  rases,  that  the  half  of  the  ohserved  anp;h'  is  to 
be  corrected  lor  refraction,  juirallax,  and  semi-diameter,  but  not  lor  liic 
dip  of  the  horizoa ;  and  tliat  hall  tlic  index  error  only  is  to  be  applied. 


TO  FrND  TTin  LATITUDE  BY  AN  ALTITUDE  OP  THE  POLAR  STAIL 

IN  nortiierii  climate*  the  la-   • 

Kind  In  the  tide  culuiuu  the  tuiu  of  the  hour  of  the  dav 


anil  the  ^un^^  ri^'ht  ai^ceutioa,  and  the  ntiitilirr  in  thcmiddlr 
culumn  vvill  In  tin- rnrrcclion  of       true  ititiliidr. 


Utude  may.be  detennuied  by 
means  of  an  obMrvad  aUitudA 
of  the  Polar  Star,  pro;  the 
apparent  time  of  observation 
can  b6  tieertaioed  widiin  a 
fetv  minutes.*  This  mcthoil 
might  be  frequently  lued  at 
sea,  when  the  horizon  is  well 
defined,  if  that  star  were  of 
the  first  magnitude,  but  being 
only  of  the  24l.  or  3d.  magni- 
tode,  it  ii  wmetimea  to  dim 
that  it  is  rather  difficult  to  de- 
termine altitude  with  pre- 
cinoB.  Howerer,  as  there  are 
llnet  when  it  would  be  of  great 
importance  to  determine  the 
latitude  within  10  or  12  miles, 
it  was  fhooglit  adviwable  t»  «i- 
plain  this  method,  which  may 
IB  usedwben  observation^  of  the 
aun  or  moon  cannottM  obtained. 

Haring  therefore  the  appa- 
rent time  of  observation  (which 
must  be  reckoned  from  noon  to 
Boan  in  MBMrical  inceotiion, 
that  is  6h.  A.  M.  must  be  call- 
ed I8h.  &c.)  and  the  observed 
altitude  of  the  star  detcrmiucd 
by  a  fore-observation,  you  must 
subtract  from  the  altitude  the 
dip,  which  is  in  general  4  mi- 
vitoi,  and  Che  vefraetioii,  and 
you  will  obtain  the  true  alti- 
tude of  the  star.  Then  the 
sun's  right  ascension  corres- 
ponding to  the  given  day,  must 
be  found  in  Table  VI. f  and 
added  to  the  apparent  time  of 
abaerfatfon  (njBetlug84  boon 
when  the  sum  exceeds  24hours) 
with  that  sum  enter  the  adjoin- 
ed table  and  take  out  the  cor- 
responding conection,  wbidi 
must  be  added  to,  or  subtract- 
ed from  the  true  altitude,  ac- 
cofdbig  to  tba  dinetknv  ill  tba 
taUe-^tba  rani  or  dUbienee  wfflbathBlMllndaof  tbaptaee  ofobwrvaliOa. 
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latHodc  alMve  I  or  3  miles. 

j  It  i«  nccurate  enoagh  to  Lik*-  ll 


nambers  given  in 
ought  to  be  uken  froiirt]»e  Nnutical  Almanac,  for  the  liour  of 


the  tnMc  .  Uala  SirlrlnfH!,  the  ri^Iit  a'^cfiaioil 
)sfnr«lloil,  reduced  to  (..  ecn with  Ciuie, 

bgr  addiajt  or  stiblractini;  tlte  lun^itude  luriMti  into  time. 

Id  toroe  ol  the  copie*  ol  ttie  second  edition  of  this  work,  the  words  additive  and  •ubtmctire  were  print 
ed  in  the  wmn?  colunun.  Thia  Inlile  wlU  require  a  correction  afler  a  (ew  years,  on  account  of  the  «Kla> 
tton  of  decliDsnoii,  and  ri^bt  atcensioo  uf  the  iter.  It  correspondii  nearly  to  the  year  1824,  lor  enrj  ««v 
•Aer  ilmi,  tiiM  vou  murt  add  one  quarter  of  a  minute  to  the  timet  in  the  tide  oohmas,  aad daerewt  ttB 
ubalar  correctiont  of  altitude  about  (mrt.  Thus  for  the  jmr  1186  lb«  tUoes  mitst  be  tncrrascfl 
aoB.  livr  the  12  yean,  so  that  Ob.  5r  musi  beaUled  lb.  im.  and  all  rtwcomedoaserakiuide  mini  be  dc- 
^|Mit,»ilHli*  irawlbtiaiyMarlyaadO*  W  aaaiUS* ariaaMy. 
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154  TO  FIND  THE  LATITUDE  BY  AN  ALTITUDE  OF,  kc. 


EXAMPLE  L 

At  6h.  9m.  P.  M.  June  3, 19S0,  ttie  observed  altitnae  of  tin  Potar  Star  wmt  1^  10 

the  dip  4'.    H(  f|nircd  the  latiluili*  of  the  place  of  obscn  ation  ' 

0*s  Kiglit  As   4h.  44m.    ( )bscnred  altitude  16°  lO' 

Hour  of  ob^   6    9      Sub.  Dip  4',  Rcfrac.  3'  i 

Sttni •«•••«.•••••  ••••»•    10   53       Tnif  4ltiti!(b>  lG  'i 

Correcliou  corresponduag  add     1  21 

LaUtnde  17  97  If. 

FA' AMPLE  II. 

Oil  the  Uih.  September,  1H20,  »t  ^b.  em.  V.  M.  the  altitude  of  the  PoUur  Starwu  94^' 
lb',  when  the  dip  was  4.'    Required  the  laUlndc  ? 

ir.  H.      Obserrod  dtttude  §4^  1^ 

Hr  nfoiv  21,  3n.A.M.or  14  2      Dip 4^,  Bof.  S',  Sub.   6 

G's  Kigbt  Asc  11  38   

—      Tnie  altitude  ...«   f4  10 

Sun,  r^ectinf  S4h.*«  130      Correipoiidiiif  corr.  aiAd....    1  37 

Latitude   22  33 


TO  FIND  THE  TIME  AT  SEA,  AND  RfiOULATE  A  WATCH. 

WE  havo  alrr;idy  noticed  the  difference  bet%vcen  the  civil,  astronomical 
and  uaiitical  cumjuitation  o-T  time  ;  but  as  it  is  a  subject  of  ereat  importance, 
it  mtij  not  be  unnecessary  again  to  repeat,  thmt  a  civil  daiy  ts  reckoned  firook 
midnight  lo  midnight,  and  is  divided  into  24  hours;  the  first  It  hours  arc 
marked  A.  M.  the  latter  12  hours  P.  M.  being  reckoned  from  midnight  in 
numeral  succession  from  1  to  12,  then  beginning  again  at  1  and  ending  at 
1:S.  Astronomers  begin  tlieir  computation  at  the  noon  of  the  civil  day,  an^t 
count  the  hours  in  numeral  succession  from  1  to  S4i  so  that  the  momnig 
hours  are  reckoned  from  12  to  ft4.  Navigators  begin  their  computation  at 
noon,  12  hours  before  the  commencement  of  the  civil  day  (and  24  hours 
iiefore  the  conimencenient  of  the  astronomical  day)  marlung  their  hours 
from  1  to  1£  p.  M.  and  A.  M.  as  in  the  civil  computation. 

There  are  two  kinds  of  time,  mean  and  apparent.  Mean  time  is  that 
shewn  by  a  cJo<'k  r«>i:ulaf  ed  to  mean  solar  time.  Apparent  thne  is  that  sheT*-Ti 
by  the  son,  e<;tlinatiii>>;  the  apparent  noon  to  commence  at  the  passage  of  his 
centre  ovi-r  the  meridian  of  any  place.*  There  is  sometimes  a  difference  of 
a  quarter  of  an  hour  between  mean  and  apparent  time,  owing  to  the  uneoual 
motion  of  the  earth  hi  Ha  orbit,  and  the  inclination  of  its  axis.  This  difer^ 
nice  is  called  the  eguatim  of  timet  and  is  contained  Table  IV.  A.  in  page  'sj 
of  the  Nautical  Almanac.  It  is  necessary  to  take  notice  of  the  equation 
of  time  in  determining  the  longitude  by  a  time-keeper  or  by  the  eclipses  of 
Jupiter's  Satellites ;  but  it  is  not  necessary  in  any  other  nautical  Ooaerva* 
tion,  because  the  calculatioos  of  the  Nauticu  Almanac,  except  the  times  of 
the  eclipses  of  Jupiter's  Satellites,  are  adapted  to  apparent  time. 

We  may  ««l!laiii  the  apparent  time  at  sea,  when  the  slUp  makes  no  wajr 
through  the  water,  i>y  observing  an  altitude  of  Ute  sun  in  tlie  morning,  and 
again  in  the  afternoon,  when  at  the  same  altitude,  and  noting  the  limea  bjr 
a  watch ;  for  the  middle  time  between  these  two  observations  wilt  be  the 
apparent  time  of  the  sun*s  passage  by  tha  meridian;  hence  the  error  of  thie 


,  ♦  TbtrelsaisiiMMtibwuiHliod  of  computing  the  time,  BMide  one  of  lif  asuoumwtt,  eatM  . 

nmf I  m wUch  Uw  iutfr%-ai  b<•l^^  r'<•n  iwo  tucrmi^c  iraiuiu  of  a  ttxed  >-ur  to  tlic  meridian  Is  Mtlmatwl 


STv!  »^ wwca  tat  mifrval  ^<•l^^  r  rn  iwo  turrmivc  iraiuiU  of  a  fhicil  ^uv  to  tlic  mcndtan  is  wiinawa  «c9 
^*?'!''>.**"'»«iept*''g  Uie  day  ai  the  time  the  hni  point  of  Aries  Is  on  ibv  flacnaian,  M  that  the  boor  ia 
J^^M  tliaeti  ihtwBM  Miht  right  Mtwmaa  of  tbemwiiHan. 


Digitized  by 
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nvatch  may  he  found.  A  small  correction  is  necessary  for  t)iv  variation  of 
the  sun's  declination  during  the  interval  lit  twtM  ii  tin'  ul>-rrv.iii<»ii^,  and  tin* 
method  of  calculating  this  correcLiun  will  In-  ^iven  in  tiiis  work,  bul  tlii:i 
mediod  camiol  often  be  made  use  of  at  flea  l>y  reason  of  the  motion  of  the 

Vt'SScl. 

The  best  method  of  obtaining  the  apparent  time  at  sea,  is  hy  oh»^crving, 
by  a  fore  observation,  the  altitude  of  the  sun's  low<'r  linil>  when  lisinj^  or 
ialling  fastest,  or  when  bearing  nearly  E.  or  VV.  to  tliis  altitude  ue  nmst  add 
Ihe  semi-diameter  and  parallax,  and  sabtract  the  dip  (or  instead  of  these 
three  coirections  add  1£\*  which  will  answer  very  well  for  an  obs4'rvation 
taken  on  the  deck  of  a  common  sized  \»  Hsel;)  suhtrart  also  the  refraction 
taken  from  Table  Xll.  and  the  n-mainder  will  be  ilic  mrrc  rt  altitude.  The 
ship's  latitude  must  be  found  at  the  time  of  observation  by  carrying  the  rec- 
koning forward  to  tliat  time.  The  declination  must  be  taken  ttom  Tah1<» 
IV.  or  from  the  Nautical  Almamic,  and  corrected  for  the  ship's  lonptude,  and 
the  distance  of  the  sun  from  the  meridian  !>y  Table  V.  Tlieii  if  th*  lulitudt 
and  declinntinrt  be  both  north  or  both  .vou//<,  subtract  the  (hrlininion  frmii  90^ 
and  jfou  will  have  tht  polar  diatai^ce  ;  but  \f  one  be  north  aiui  tht  other  south, 
add  As  dmUnaikm,  to  90^  mi  you  wUl  htm  the  pohr  ifufonee. 

HaTing  thus  found  the  correct  altitude,  latitude,  an<l  polar  distance,  the 
apparent  time  of  observaticm  may  be  found  by  either  of  the  three  following 
methods,  of  which  the  first  is  the  most  simple,  since  it  does  not  require 
Ihe  table  of  natural  sines,  all  the  logaritiims  being  found  in  Table  XXVII. 
Tbb  modiod  is  abridged  by  means  of  the  table  of  houn  affixed  toTtha  taMe 
p(  log.  sines ;  in  VSillg  which  you  must  observe,  that  if  the  sine  or  co-sine  of  *  , 
the  logarithm  sought  is  marked  at  the  fop  of  the  t  »hU;,  the  name  of  h%nr 
either  A.  M.  or  P.  M.  is  also  to  be  found  at  the  top,  and  the  contrary  it' 
the  sine  or  co-sine  is  marked  at  the  bottom. 

T^JMth€i^n^mtiaiim€kgA€9m*§aUUiide.  ^  ' 

FIRST  UETUOD. 

Add  logethtr  the  correct  aUUtide  of  Ihe  sm*$  eeiUn,  the  tatitude  and  ihofU^ 

lar  distance  ;  from  the  half  sum  mibtract  tht  sitn's  altitude,  and  note  the  renuiin- 
dtr.  Then  add  tos:cther  the  hs;.  secant  of  thf  Intitudr  (this  and  all  the  other 
logs,  being  found  in  Table  XXk'JI.)  the  log.  co-secant  of  the  polar  dist.  (re- 
Jectung  10  m  each  index)  tht  log.  co-sine  of  the  half  mm,  and  ihe  log.  nne  of 
^  rtmainderf  half  the  msm  of  llcse  togarithms  being  sought  for  in  ^ 
eolwmn  of  hg-  rineOt  tdll  eorrupond  to  Ae  Aovr  of  the  dajf  inoneof  Hht  hour 
colianns, 

EXAiVIPUE  I. 

Suppose  that  on  the  10th  of  October,  1824,  sea  account,  af  8h.  21m.  A* 
>I.  per  watch,  iti  the  latitude  of  30'  N.  and  long.  111^^  K.  from  (tre«  n- 
wich  by  aerount,  the  altitude  of  the  sun's  lower  limb  by  a  fore-obsn  v  aiion 
was  laP^i  ,  the  correction  for  semi-diameter,  parallax  and  dip  l;: — Re- 
quired the  apparent  time  of  observation  f 

By  example  III.  page  111,  the  deelination  was       31'  S.  this  added  to 
90^  gives  the  polar  distance  iwp  :}\'.    To  the  sun's  observed  altitude  IS© 
3£',  1  add  12  miles  and  subtract  the  refraction  4',  the  remainder  is  the  :  * 
correct  altitude  13^  40'. 


•  TW       rttMiait  to  to  w— l^htt  16*,  itoMirihaMvwaeMii  rvawi  itodl^^^ 
«ed«tlMMPofcnMrooifMaHMaMaddM««nd  dm  ItfUi  mMneHt90,the  dfert  «r  all  tfent  eoir«» 
HiMYUtMCdlAraaiirftfrftvn  iSfiMlUffv. 


I 
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9  cor*  All* 

1  'i  ' 

•  •  •  1 

so 

teeoDt  •••• 

0.80585 

M 

O.00S86 

44 

...  80 

52 

co-«ine 

9.S0067 

40 

• 

li 

9.96467 

S)19.S7405 

sine  ••••••  9.68702  correapondiug  to  wkidt  in  4b» 

cvloim  vmlted  A  M.  is  .....Sh.  7m.  9f. 

Time  per  wttcih..  A.  Sim. 

Welch  too  fiut  13  61 

Hence  the  time  of  taking  this  ohmnratioD  is  Oct  10,  8h.  7m.  Os.  A.  ^r. 

sea  acroiint,  or  whirh  is  the  same  thirijr,  Ort.  10,  ^oh.  7m.  9s.  reckoning 
from  noon  to  noon  i  the  time  by  the  JKauticalAhnanac  being  October  dd. 
SOU.  7m.  9s. 

EXABfPLE  n. 

Suppose  that  on  the  10th  of  May,  18t4«  sea  account,  at  r>h.  SOm.  F*M. 
pt^r  wateh,  in  lat.  39°  D4'  N.  Ion?;,  hy  account  17*^  SO'  E.  from  Greenwich, 
the  altitu49  of  the  sun's  lower  limb  by  a  fore-observation  was  15^  45',  the 
O^q^ection  for  dip,  parallax  and  scmi-diametcr  being  12  miles,  consequently 
.||m  correct  altitude  l&o  M'— Required  the  apparent  time  of  the  oVser^  ation? 

.  By  Example  IV.  page  111,  the  sun's  declination  was  17©  £8' N»  which 
^  Subtracted  from  90^  leaves  the  polar  distance  7iP  Sa.'. 
0'3  Alt ....  15^  54' 

Lat   39   54  aeesBt....  0.11511 


PoLdist....  72 

32 

co-secent  0.08050 

to 

10 

co-line.^.  9.63924 

0*k  Alt ....  15 

54 

Bcmaindcr    48  16  sine  9.87888 


8)19.64773 

,  • 

sine          9.88386  corresponding  to  which  in  Ihp 

celiunn  P.  M.  is  5L.  r>  Im.  868.  the  true  thne  of  day. 
Time  per  watch    5  30 

Watch  too  4ow    4  86 

'    ,     rXAMPLES  TO  EXERCISE  THE  LEARNER. 
►    1.  In  lat  3fP  39' }?.  ©'s  declination  9  -27'  N.  the  altitudo  of  the  0»«  lower  limb  in 
tire  morning  was  observed  10^  33'.*    lit  (juircd  the  apparent  lime  ? 

Answer,  7h.  23m.  51*. 

2.  In  lat.  36^  21'  S.  ©'s  declinstlon  S«>44'  N.  ^  ©'s  L.  L.  in  morning  10°  48'.* 
Bequired  the  appar(!!nt  tine?  ee-      Answer,  7h.  22m.  lis. 

3.  In  lat  29  35'  N.  0*8  deeUnation  83^  80^  N.  otoerved  alt  of  0*S  tower  Umb  in 
the  aflemoon  14^^  5S'.*    Required  the  time?  An?Trcr,  5b.  4lm. 

k  4.  In  lat  3^  31'  S.  ©'•  declination  20^  3'  S.  observed  alt  0«s  L.  L.  38""  41*  in  the 
ilfeinioon.  RA|uired  the  thne?  Answer,  3h.  18m.  47s. 

5,  In  lat.  13^  17'  N.  ©*»  dccUnatioD  88^  10^  S.  hi  the  morning  observed  alt.  of  0*s 
L.L.  36^  26.*    Roquircdlhc  lime?  Answer,  9h.  l7m.  8s. 

6.  In  lat.  21^  3b'  S.  ©'si  declination  3P  37'  S.  in  the  morning  obsenrod  altitude  Of 
e*lSL.L.38»48'.«  BeqiUndChettme?  Answsr,  8h.  89m.  60s. 

^  '       SKCOND  METHOD. 

"  -Find  as  in  the  former  met  lmd,  tlic  sun's  correct  altitude,  the  ship's  latitude, 
ptd  the  polar  distance ;  thence  the  sun's  correct  zenith  distance  and  the 
'  «  I  tu^  o  .cctio,,  lor  dtoeafl  swiMismMmiwiegMrsddiiiti^tte<eMeinoa  ftriehecboa  helipf 


%0  Vtm  'SHE !mfE  AT  8£A,  A'NDHEOn^ATB  A*WAT€»  T^? 

^Jomplement  of  latitude  ;  llien  Ofiil  fof^ether  the  zmith  tlistanre,  co-latitiuh, 
and  polar  dislnncf,  from  half  their  sum  subtract  the  zenith  lii^ianrt.  uml  nuf^. 
the  remainder  ;  then  add  to^ttlier  the  log.  co-aecanl  of  the  co-lat.  ( this  and  all 
itht  oUker  toga,  bemgfoimd  m  Tahk  XXVIL)  ike  l^r-  co^mant  of  the  polar 
diiUmce  (niecting  10  in  each  index)  the  sine  of  the  half  aumand  the  sine  «/ 
the  remainder,  half  the  sitm  of  tUtse  four  lotrnrithms  ht  in ^  found  amnns^  tnt 
log.  co-sineei  will  correspond  in  one  of  tfie  adjoined  columns  to  tht  time  of  daif. 
The  two  praeediog  examples  are  thus  worked  by  this  method. 

EXAMPLE  I.  « 
ti>*a«<or.alt.     13  40  Uthnde    5130  Q'c  dec      6  34 

7cn.diat  76  90  CO-|it      38  90  V^likt  %^ 

Co-lat   38  30   co-sceant  0.20585 

PoL  iisL  %  34   co-aecaut  0.00206 


211  ^1 


^Sum          106  4t  aiae  9.98349 

Zen.  dist       76  10 


  S9  SO  line  9.(9055 

s)i9M7s  ;. 

co-fline     9.94137  correipoiidjiig  to  wLkb  in  lA  <«M^  ^ 
A.  Bl.  la  8li.  Tan.  9a.  the  tine  of  day,  which  agrees  witb  the  otharmethod. 

£XAMI»L£  II. 
90^0'  90^0'  90^0' 

e*»€Or.dt.     15  54  liititttde    99  54  G*tdee.    17  00*^  ^ 

ZeiLdiitv....  74  6  co-lat.      60  ^  Pol.  diat    78  34 

€e-]st  60  0    eo-see.  0.11511 

Fat  dfat  71  38    co^ee.  0.09050 


foi   196  44' 


4  Sum  98  22     sine  9.99j3a 

Zen.  dist .....  74  6 


Henuiiider....  14  16    aise  9.613S2 


1)19.74478 


co-aiiie    9.H7'239   corre^nding  to  ytluoh  in  ihe  coluulli 
P.  M.  is  5h.  34m.  878.  the  time  of  day,  u  bich  astraea  mMSf  witil  the  irtt  method. 
By  the  preceding  method  you  may  find  thfi  beginning  or  ending  of  thft 

t^'ilight,  by  calculating  the  hour  when  tho  sun's  renith  di«*tance  is  108O(op 
^vhen  the  sun  is  10°  below  the  horizon)  lor  by  observation  it  has  be«'n  found  . 
ibat  the  twilight  begins  or  ends  when  the  sun  is  atthatdistapce  from  the  zenitU*  " 

EXAMPLE. 

ileonired  the  time  efbagliiidng  and  ending  of  the  twili^t,  Jane  13^  1880,  at  BgaCdtf? 
Zen.  diit  ....  108^0' 


37 

Pol.diit.. 

38 

10 

6 

Zen.  dist. 

100 

0 

co-secant  0.13156 
0.03744 


aiM  9.96991 


r  ••••  3  5  aine  ^8.73069 

sum   18.86960 

4  sum  co-sine  9.43480  which  Coi>i 
Tespondsto  8b.6ia.lOi>A.M.sad9h.53ai.  40b.  P.M.  Tbeiefofe,  the  flnt  appeataoce  • 
<>f  the  twflight  bl  tbenMWri^  mat  9h.  6m.  lOi.  and  the  end  of  it  In  the  eveai^ 
^aB.4Da.  .  ^ 
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THIRD  METHOD. 

If  the  sun  or  star's  dcclinalion,  and  the  latitude  be  bntli  north  or  botii 
5onth,  take  Iheir  difTi-rence,  but  if  one  be  north  and  the  other  south,  take 
their  sum,  and  from  the  natural  co-sine  uf  tliis  difference  or  sum  subtract 
the  natural  sine  of  the  true  altitude  (both  being  found  in  Table  XXfY.)  find 
the  log.  of  their  difference  (in  Table  XXVI.)  add  thereto  the  log.  secant  of  the 
latitude  (from  Table  XXVIT.)  and  tlie  log.  secant  of  the  mm  or  star's  declina- 
tion (from  the  same  Table)  rejecting;  10  in  enrh  index  :  the  sum  f.f  these  three 
logarithms  being  found  io  the  column  of  rising  (Table  XXllI.)  the  hours, 
minutes,  and  seconds  comsponding,  will  be  the  apparent  time  from  noon,  if 
an  altHnde  of  the  sun  was  tAken :  but  if  a  star  was  observed,  the  corm|Nnidr 
inig;  time  will  be  the  horary  distance  of  the  star  from  the  meridian. 

The  two  preceding  examples  are  thus  worked  by  this  third  method. 

.  EXAMFJLE  L 

J^itutle  510  90'  N.  WCaBt  OSOIW 

li  3i  a. 


Sum  

Sub'ji  ooir. 


. .  58  4 
•     19  40 


Kat.  CO  sine  62803 

Nat.  sine  2362? 


VihiiJk  in  tba  column  of  ritiog  it , 


BMuUAtnm  19b.  kam  ttoliw  Hm 


Time  prr  ^ntcU 
Watch  too  fast 


SU. 

13 

8  7 

s 

8  St 

19 

61 

picr 


laiitiKto  S9»  S4'N. 


EXAMPLE  U. 


19     Si       ifgncini^witb  tbe^br* 


tccant  ailoll 


Biflferaoce  S2  26 

VMrr.atUtBd*  lA  M 


^bich  in  tbe  column  riling  i« 


I....  8S49S 

N«t.tiM  S7S96 


6am      lof.  4jni5 


5b.  94ro.  S7b. 

5  SO 


4.94876  coi 
•gxtelof  nf&rij  with  tbe  oibcr  roctliodv 


WaiChloailow  4  97 

H^Jmd  tie  (^pparenl  time  by  an  attitude  ofujtnd  sfor. 

Correct  the  observed  altitude  for  the  dip  and  refraction  (the  dip  beuig  ^ 
nerally  4  minutes  when  the  observation  is  taken  on  the  deck  of  a  common 
sized  vessel)  find  llie  ship's  latitude  at  the  time  of  observation,  and  the  star's 
light  ascension  and  declination  in  Table  VIII.*  then  add  together  the  star's 
eorreet  altitude,  the  ship's  latitude, and  the  polar  distance;  from  thehslC 
eum  subtract  the  starts  <illitude,  and  note  the  remainder.  Then  add  together 
the  log.  secant  of  the  l.itifiide,  th»'  lopj.  co-secant  nf  the  polar  distance,  re- 
jecting 10  in  each  index,  tiie  log.  co-sine  of  the  half  sura,  and  the  lc»f^.  sine  of 
the  remainder,  half  the  sum  of  tliese  four  logarithnM  will  be  the  lu^.  bine  of 
Iialf  the  hour  angle ;  take  out  the  corresponmi^  time  in  the  column  marked 
p.  M.  (Table  XXVII.)  and  apply  it  to  the  star's  right  ascension,  by  sub- 
tracting when  the  st.Tr  i  Msl  (»f  the  meridian,  or  adding  wher)  west  of  the 
meridian,  the  sum  or  ditlerwice  will  be  the  right  ascension  of  the  meridian. 
From  the  right  ascension  of  the  meridian  (increased  by  £1  hours  if  ueces- 
iHiry)  subtract  the  sun*s  right  ascension  at  noon  at  Orcenwidi,  taken  from 

•  Tb«  riglit  a*<:<  n»ions  and  ilprlin.itiiMis  of  ttir  Mars  in  TahU  VIII.  arc  tlie  raenn  value*  for  Jamiar3r 
1ft)  1220,  aini  Diii«t  lie  n'duced  lo  tlir  tim*"  ol  «ib«^rvati«»ii  Jiy  niw.n^  of  tht  nnnunl  variation  gncn  in  the 
MJiie  Table.  WJien  very  great  acrurac.v  i;.  retjuu^d,  the  right  Mcrusiun  and  dccUnntioa  thm  obtainctl, 
nuitt  h*  cnrrrcted  for  tbe  Ab«rmtion  iind  Nutrition  m*  px{>latued  in  the  precepts  of  Tkblra  XLII. 
3U.I1I  bfat  in  feMt»X  tbete  correeUvw  nu^  be  neglected.  Thete  oomcHom  are  bowevtr  aU  wiCloei& 
In  dw  place*  af  84  of  tbe  most  otrted  tafld  aim,  given  lo  ttelfautknl  Almaoac  since  fbeyw  IBS, 
•Pafy  tan  daji  In  iha9«ar,«Dd  wjMnanj  of  tlim  alan  no  med, ttw piocaa HI  tetaken  ont,  to  ihm 
ncareit  dajr,  trom  Ibo  Xandeal  Almanac,  wtlhout  anv  fiinfier  eomeaon.  Ikai  In  Jahr  39^  1834,  Fra» 
CjTon^t  riffht  ■fMNlon  Was  Tb.  SOm.  7s.  north  poUir  distance  €4'^  19  52"  or&*  W  8"  N.  tfecliiMlion.  cor. 
mpoadiog  to  sa^  «^  r'  tmuk  polar  diitaoce.  Thh  adUitienal  TaUe  of  Uie  Kaiitlpal  Atiuaoac  s&nptifti^ 
tftU  MM  of  sMMoa  «pV8M«nbly. 
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page  2d.  of  the  month  in  tho  Nautical  Ahnnnnr.  tin-  rpniaind^r  will  be  tlic 
approximate  time  at  the  ship.  To  this  time  ajppi^  the  toD^ituUe  of  the  ship 
irwn  Oreenwieh,  turned  into  6nie,  by  adding  in  west  lonptude  or  subtract- 
ing in  east  loi^itude,  the  sum  or  difference  will  be  thr  .ipparont  tiino  of  the 
observation  nrarly,  at  the  meridian  of  Gn-cnwich.*  Takr  (V-in  tlu*  Nautical 
AJmanac  the  son's  ri^jht  ascension  for  the  preci'dint;  and  lollou  inj;  noonSf 
and  take  the  difference,  whicli  seek  for  at  the  top  of  Table  XXXI.f  and  tlic 
liours  and  minutes  of  the  time  at  Greeowidi  in  ue  nde  column»  the  corres- 
ponding correction  hein^;  subtracted  from  the  approximate  time  at  the  shipf 
will  gi?e  the  apparent  time  required. 

EXAiMPLC  1. 

Suppose  that  on  September  9, 18tO,  sea  aecotmt,  in  latitude  7°  45'  8.  and 
knigitude  30°  18'  E.  from  Greenwich,  the  altitude  of  the  star  Prot  \  ou,  being 
tben  east  of  the  meridian,  was  t8^  16'  and  the  dip  4'.  Be<|uired  the  tiiae  of 

observation  ? 

By  Table         for  the  year  1820. 


Procjon's  right  aiicenilMl  •••••••••••«   TkSy  Btf 

Variaftioo  ia  8^  months   t 


Dec. 
Var. 


SP  41'  Jf* 
0 


Star's  right  ascension 
4>Ur*sob0.  alt  ....  28^  lb' 
Mp   4 

28  12 

Bef.  Tabic  XII....  2 

hornet tltiiaia....es  to 

Latitada   7  4a 

Polar  dMMca  95  41 


7    19  64 


Dec.      S  41  ff* 
99 


Fa1.«rt.99  41 


2)131 

36 

48 

10 

89 

aecant ...  0.00399 
9.09114 


ine.».9.6im 


9.78974 


sum  ..  2)19.40459 


iUi:  colunm  P.  B(«  ii 


4  «ma  tiae  9.7U229  corresponding  to  nhich,  m 

  4h.  2m.  2s. 

  7  19  94 


lUl^t  a«cen«ion  of  the  meridian  .  3  27  5l 
laenaaed  If  •  ••••••••••  14 


fi<pb  9.  Ml  accoON^  il  SaplinjKr  8,  bj  N.  A.  fBB*»lL  A.  soon 


17  27  52 
11     7  10 


Approximate  tinte  p.t  the  ship  16  20  32 
Ship's  longitude  :iO  MS"  in  ame  ..  %     1  12 


^ua^B  rif^t  ascension  September  S, 


Timp  at  Greenwidl 
lib.  7m.  20s. 
11   10  56 


14  19  ID 


IVaBf  diAreace   3     36    The  correction  of  Tabic  XXXr. 

cbrrespondiog,  bin.  9k  which  being  subtracted  from  the  approximate  time  16h.  lO'  Sl^ 
kaTcs  the  appawt  time  at  the  ship  l6h.  W  23"  or  4h.  1^  23"  A.  M.^  


*  Wbeo  the  lum  eiee^  24  bourt,  y«iu  rou«  ftubtr«ct  24  b<>urs  nod  Bfld  I  to  the  day  of  Ibe  noMli,  and 

.  /oaSBOsiaidMNM 

 .  «nd  lak»  1  dw  bom  thm  Omw  of  tiM  monib, 

is  only  caleulstsd  to 


ore  ibui  Uw  bovn  ul  the  iimf  at  the  iibi|>,  yoa  Ssosi  aid  91  Man 
I,  4im1  mk»  1 4w  from  Um  day  of  Um  nonib. 
iShoen.  If  flis  tisas  •lOttrMrtdi  exceeds  IS  hoars,  foa  mart 
i,aadaildltmtl»ceR«c«baulwaaaifDr  die  ml  of  iW  line  t 


when  the  boon  to  be  mUtnicted  an  more  ihau  tbe  bovn  ul°  the  lime  at  the  iibi|>,  yoa 
to  the  IsittOMsroTloas  lo  tbe  soboaeifcwH 

fTdhtenCU.isoalya 
im  take  oat  the  lorrwioa  far  It  hoars, 

Ibe  sum  wfit  be  tbe  mni|^(  anrr^km. 

J  If  ttu- waf  furnUhed  w  ith  a  Cluononiet^r  rrc^ul.tted  to  Greenwich  lime,  thf  ©'n  Right  Asmi- 
don  inighl  \h\\e  tx-rn  found  at  oihc-  In-ni  the  Naulicul  AlnmrMC  to  In*  the  •'Um  uf  Mh.  7rii.  2(H.  and  2nx.  9(. 
equal  to  llh.  9in.  29i.  which  auhirftrtrd  irvm  27li.  27ni.  32».  aix'-t  tbe  appannt  linte  at  the  fJiip  I8|b  ItV* 

%s.  nfitt  simply  Umh  by  tlie  above  taetbtsL  Tlie  mae  retaark  will  apply  to  other  eiSMilei. 
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m  TO  FIND  THE  TUfE  AT  SEA,  AUD  REQULATE  A  WATCH, 

EXAMPLE  II. 

Suppose  that  on  April  IC,  UiO,  sea  account,  in  lat.48^  57*  N.  and  long* 
66^^.  the  observed  altitude  of  Aldeberan  when  west  of  the  meridian  waft 
tap  ftS^,  and  the  dip  4'.  Required  the  apparent  time  at  the  ship? 

H.  M.  S. 

By  Table  Mil.  for  the  year  1820,  R.  As.  AUieb        4  25  36    Dec     16®  & 

  for  3i  montlif  i    Var.  0 


Star's  right  asc.  4  25  37    Dec      16  8  N. 
Ob8.alt.  Aldeb....  22^  2^  90 


»^   4 

ReftMtfaa   9 


P.  <U5L  73  &2 


Cor.  alt.  Aldeb.  ..  22  19 

r,aUtude   4d   57  lecant  0.18262 

Pol.  ditt  73  .6t  mec;  0.01745 

Sum  8)145  8 

l^Siiai  ••••  72  34  eo^ine  9.47654 

Alt  28  19 


50  IS  aine  9.88684 


sum   2)19.56245 

4  nm  due  9.781SSeomspoQdingti>wVK:Br, 

jSt  the  calioaa  P.  M.  is  •  •  4b.  57m.  24s. 

Star's  right  ascension....  4   S5  37 

Right  ascen.  of  the  meridian....  9  23  1 
Aj^ril  16,  sea  account,  is  April  lH,  by  N.  A.  when  ^'s  rt.  asc.  noon  ....  1   34  It 

Approximate  time  at  sliqp* 7   48  49 
Loos.  66<3  W.  in  tima  4  24 

f  App- tiaaatGnMiiikh...****  It  It  0 

t^jdlt  SSesn.    A-rril  15,    Ifa.  34m.  12a. 

AprUl6,    1     37  54 

Baily  difTerence  3    49  the  correction  of  Table  XXXI.  ... 

Bondiag,  is  In*  53s.  whkik  being  subtracted  (Vom  the  aspcasiaista  time  at  the  sli&^ 

7h.  48'   49*  • 


UiSves  the  sppsnot  tiaia  St  Oe  ddp  7    46   66  P.M.  ^ 

This  method  of  obtuining  tlie  time  by  the  stars  Would  be  accurate  'if  a 
good  horizon  ooidd  be  obteined ;  hut  as  that  is  not  alwayo  the  case,  it  b 
best  to  regulate  your  watch  by  the  sun. 

To  regulate  a  watch  by  equal  altitudes  of  the  sun. 
A.  watch  may  be  regulated  on  shore  by  observing  in  tiie  morning  and 
evening  the  times  when  the  sun  u  at  the  same  altitum,*  for  the  aoidm  be* 
'tween  these  times  would  be  the  appaient  time  of  noon  by  the  watch  if  the 
declinaticin  of  the  sun  remained  the  same  during;  the  observation  ;  but  if  the 
declination  varies,  as  is  generally  tlie  case,  the  apparent  time  of  noon  deter- 
mined in  this  manner  (which  for  distinction  we  shall  call  the  middk  time) 
must  be  corrected  for  the  change  of  declination  by  an  equation,  called  the 
e^tMHon  of  tfual  otfifudet,  and  the  middle  time  thus  eorrected  will  be  the 


*  Tlwtlttatodn«UlittdieBwliaiifaetmiriMiorrsn<fiHt.  TbebattkMibrobMmiiMUiRrlM% 
^t!*.!????!  of  Ifae  hm  is  east  or  wc«t.  In  etncni  two  or  Uiree  fa 


^-  ,   gwn^ral  two  or  Uiree  bours  from  noon  will  li«  ^ 

anlSod  RMlMR^teiMd  by  «  vcsstl  mjeil  with  mercuo'i  nuiy  be  u&etl  io  taking  these  ftlUttidHk 
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correct  time  of  apparent  noon  hy  the  watch.  For  greater aceimcy,  sevwtl 
nllitiules  should  he  taken  in  the  nmrnint!;,  hik!  I  'lri  fsponding  ones  in  the  af- 
ternoon, and  the  moan  of  tlic  tini*  s  of  ihv  jnoruinf;  and  evening  observations 
should  be  respectively  taken,  and  tiie  e^uatiun  of  equal  altitudes  corres- 

Smding  to  the  mean  of  all  the  obseirations  caieiilatied  uidappUodto  tlie  mid* 
e  time,  as  if  a  single  set  of  observations  only  had  been  taken. 
In  notinj;  the  times  of  observation,  you  mmt  count  the  hour'^in  numeral 
succession,  so  that  if  some  of  tiie  observations  are  taken  before  12h.  by  the 
iratch,  and  others  after  12h.  the  nat  hour  to  1th.  must  be  called  ISh.  the 
next  14h.  kc.  Half  the  sum  of  the  tunes  of  obser\'ation,  corresponding  to  any 
^ot  of  ohsiTvation'^  ('>r  the  mran  of  a  ntimher  of  observations)  will  hv  themid-* 
die  tim.',  iind  tin-  liifl'tTetico  of  the  titncs  or(»bserTation  will  be  the  elapsed  time. 

The  equation  of  r({ual  altitudes  cuubists  of  two  parts,  which  may  be  cal< 
ciliated  by  the  following  rale ;  f 

RtTLE  1.— To  the  roH'^f urt  log.  8.9239  add  t'i(>  \o^.  co-tangrntof  tbc  latitude,  the  logt 
fiinc  corresponding  to  the  ela{»«»d  time  foond  in  the  column  P.  M.  of  Table  XXVII.  t^jS 
prop.  log.  of  the  houn  sad  mimites  of  the  elapsed  time,  reckoned  as  sunutes  and  8e> 
coads,  and  the  prop.  lo^.  of  the  daily  rariatioa  of  the  sui\^s  dcclinatioo,  the  stun,  reject- 
ins;  30  in  the  index,  will  be  the  prop.  lo^;.  of  the  first  part  of  thr  equation  of  e^ialatti^ 
tudcs,  reckoning  minutes  and  seconds  an  seconds  a^  thinU  rcsprctivcly. 

fL  To  theeOBStant  lo?;.  S.8239  add  the  lopj.  co-tan;;t:iit  of  tlie  sun's  declination,  the 
log.  tan2;pnt  corrcflponding  to  fho  flapned  tiinc  found  in  the  column  P.  M.  of  Table 
XXVII.  the  prop.  log.  of  the  liours  aud  minutes  of  the  elapsed  Ume  reckoned  as  otiautes 
and  seconds,  sad  the  prop.  log.  of  the  daily  rariation  of  die  son's  dsdinBtion»  the  SMa. 
rejecting  "^0  in  I'lf*  innpx,  will  be  th--  proii.  lo-.  of  the  necoml  purl  of  tfic  eqaatfMtfS 
equal  altitudes,  reckoning  minutes  and  seconds  as  seconds  and  thirds  respectivolf  . 

Thellrstpart  of  the  equailion  of  eqital  altitodss  istobesdded  to  the  BuddloliM^MAn 
t!ie  sun  is  rccedina;  from  the  elevated  pole,  otherwise  subtracted  and  the  second  part  ft 
to  be  added  nben  the  declination  is  increasing,  but  subtracted  when  decreasing  ;f  theifi 
two  corrections,  being  applied  to  the  middle  time,  will  give  the  apparent  time  of  ooQuHj 
the  watch. 

EXAMPLE. 

Suppose  that  on  the  9th.  of  May,  1820,  civil  account,  in  the  latitude  of  40^  N.  tsA 
long.  10^  W.  the  followhig  ohaenratloas  were  taken  at  eqaal  dlitvdes  of  the  san. 
qnired  the  error  of  the  watch  ? 

Alt.  0's  L.  L.  Thaes  per  watch.  Times  per  wafOa 

A.  M.  P  M. 

15«>  Uf  f>h.  29*m.  51s.  iTli.  32m.'  18h. 

15  45 
l9  S5 


6    31  7 

17 

31 

0 

6    32  14 

17 

29 

64 

Sum         93  12 

93 

12 

Mean  €  SI  4 

17 

31 

4 

6 

31 

4 

0 

 0 

2 

8 

1 

^4 

Constant  log                             8.9239  &9SS9 

Lat.  40^  co-:nn?  ..  10.0762  dec.  17.95  cot  .«••  10.5035 

Elap.  time  11  h.  Sine   9.9%3      ta^g.   10.8806 

Elap.  Ume  Uh.  or  11'  P.  L  1.2139  1.2139 

Yari.  Dec.  IfT  4S/*%     P.  L          1.0566  1.056S 

1  part  12"  15  '  P.I   1.16^      2d.  part  0"  36'"  P.  L.  2.4785 

The  Amt  part  of  this  equation  12^  IS"' is  sabtractire,  beeanse  the  sun  b  proccedihf  * 
towards  the  clcvaleil  pole  ;  and  thcseccnrl  part  3f»"'  is  additive,  because  the  declination 
is  increasing,  so  that  the  whole  equation  is  about  12  seconds  subtractivei  tliis  a»> 
plied  to  the  middlo  tune  12h.  Im.  4s.  gires  the  tfaaa  of  apparent  noon  bf  the  wsm 
|gh.  Oct.  58s.  so  that  the  watch  is  52  seconds  too  fast  for  appelant  time,  

•  Thus  in  not  III  latituilcs  tlwfint  fSTllS  IS  be  MMsd  froiQ  Uw  —HUT  MlhS  Wlolf  f  SOkUfSLSOd  iSil 

trii  «<h1  lh«*  rc«l  of  Ihe  year. 

*  It  is  b*»re  «iippo5eil  ihat  ih^  fin|i^i-(l  (Ii  lo  i>  Irs*  ihan  12  iMNffii  wliirh  i»  p«*n«Mrally  tlie  CAir, but 
if  Umt  Ume  «c»«»il*'l3  hour*,  ilic  m>i  »>i».1  pin  inii»t  l>r  i())plieil  In  ■  conlrnry  mnnnrr  to  the  adore  ruU*. 

X  On  May  'J,  at  rnvin,  hv  the  Nniiii<  al  Alnrinac.  th<*  dirrmriiion  \»:««  I""  1\'  42".  an^^  on  ihe  followiiit: 
noon  17"  40'  30",tiiedifl'.-reuce  16  48' ,  twine  the  daily  vsrisUoa.  Ths  docUuOloo  correipoiKlint  m  it<v 
loaf.ortOBW.Magir*25'X.Msr^. 
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AXiMOST  ail  the  methods  of  determining  the  difference  of  longitude  be- 
tween any  two  places,  d^Moda  on  the  general  principle  of  finding  the  difier- 
•  ence  between  the  timM  flv  lakiiig  any  obeervaooo,  eadnMited  inaer  fheM* 
ridim  of  bodi  Hioie  places.  For  in  any  place  it  is  reckoned  to  be  mnm 
ivhen  the  sun  is  on  the  meridian,  and  as  the  sun,  by  his  diurnal  motion,  ap- 
pears on  the  meridian  of  Cireenwich  (froin  which  the  longitude  is  reckoned) 
one  hour  earlier  than  iu  a  ulace  in  15^  W.  longitude.*  and  one  hour  later 
4hiii  in  a  pliee  in  Ift^  B*  longitiide,  and  in  proportion  ibr  a  greater  or  ieai 
longitude,  it  followit  ttai  if  at  the  time  of  taking  an  obsenration,  the  corres- 
ponding time  was  known  at  Greenwich,  the  longitude  of  the  place  of  obserra- 
tio§  would  be  found  by  allowing  Ib^  for  every  hour  of  difference  between 
those  times,  An  longitaii  bdng^  BMt  wlien  tlM  tee  «t  QtmpmiA  la  cvScr 
tea  at  the  place  of  obserratei*  otherwin  West  Now  an  obaerrer  at  tmf 
mice,  may  determine  the  apparent  time  at  any  moment,  by  a  watch  regu- 
lated by  any  of  the  preci  itin;;  methods  ;  and  if,  at  the  same  moment,  the 
apparent  time  could  be  obuuutd  at  Greenwich,  nothing  more  would  be  ne- 
cessary l<Br  determining  the  tegitude.  One  meted  of  determining  the 
time  at  Greenwich  is  by  a  watch  regulated  to  CKreeowich  time :  for  rt  is  evi- 
dent that  if  a  wratch  could  be  so  constructed  as  to  go  uniformly  at  all  times, 
and  in  all  places,  an  observer,  furnished  with  a  watch  thus  regulated,  would 
only  have  to  compnro  te  tin*  at  te  place  of  obienration  inth  tetime  at 
Greenwich  shewn  by  the  watch,  and  the  difference  of  the  times  would  ^twm 
the  difference  of  longitude.  This  method  is  tiseful  in  a  short  run,  but  in  a 
long  voyage,  implicit  confidence  cannot  be  placed  in  an  instrument  of  such 
a  delicate  construction,  and  liable  to  so  many  accidents.  Another  m^od  of 
determining  te  longitude  i«  by  obserring  the  besinhing  or  end  of  an  ecBpoe 
of  thf  moon,  or  the  satellites  of  Jupiter, and  taking  the  difference  between 
tile  time  of  observ  ation  and  the  time  given  in  the  Nautical  Almanac  for  the 
•rmeridiao  of  Greenwich ;  it  being  evident  that  such  an  eclipse  must  be  oh- 
Mmd  nt  bnlfa  plaieea  at  te  same  noment  of  ahiohite  time,  comegnantly 
the  dteenee  of  te  times  will  be  te  difference  of  longitude.  An  obsenra- 
tion of  an  eclipse  of  the  sun,  or  an  occultation,  after  making  aHowance  for 
parallax,  be.  as  tau^t  in  the  Appendix  to  this  work,  may  be  used  in  like 
manner,  and  tliia  la  teBMMt  aceurnle  method  known.  However,  obserra- 
teM  of  edipaes  are  but  of  small  practical  utility  at  sea ;  for  those  of  te 
sun  and  moon  happen  too  seldom,  and  the  difficulty  of  observing  the  eclipses 
of  Jupiter's  satellites  prevents  that  method  from  being  made  use  of.  Other 
methods  have  been  proposed,  but  among  them  ail  there  is  not  one  of  such 
pmetieal  atHity,  aatnat  by  measuring  te  ancnlurdiilttioe  of  te  moon  hmtt 
the  sun,  or  from  certain  fixed  stars  situated  near  the  ecliptic,  usually  called 
a  LvnoT  Ohservation.  For  observations  of  this  kind  may  be  taken  in  fair 
weather  at  all  times  (except  near  the  time  of  new  moon)  when  the  objecta 
are  above  8^  or  lOO  above  te  horiMn,  and  as  te  moon  moveiln  her  orbit 
about  I'  in  t  minutes  of  thna.  It  foBows  that  if  her  angular  distanee  can  be 
ascertained  from  the  sun  or  star  within  I'  the  time  at  Greenwich  will  be 
known  witiiin  2  minutes,  and  the  longitude  within  J50  miles.  To  facilitate 
this  method,  there  is  annually  published,  by  the  Commissioners  of  Longi- 
tude in  England,  a  Nautical  Almanae,  containing  tetm  angiriar  dlrtniiret 


ry  third  hour,  calculated  for  the  meridian  of  Greenwich,  and  the  time  cor- 
responding to  any  intermediate  hour,  may  be  found  by  proportional  parts  ; 
henee  an  obaerralSon  of  these  angular  diafeaneei  benig  taken  In  any  place, 
and  the  corresponding  time  at  Greenwich  found  b^  the  Almanac,  and  com- 
pared with  the  time  at  the  ship,  their  difference  will  be  the  longitude  of  the 
place  of  observation.  But  before  the  observed  angular  distance  is  comnar* 
ed  with  those  in  the  Nautical  Ahnaoac,  the  corrections  for  parallax  ana  re- 
Oacfion  muil  be  applied  to  obtain  tbe  Ime  dktrnm ;  for  te  moon  befa^ 
seen  always  lower  than  her  true  place,  and  the  sim  and  stars  higher,  tlM 
true  distance  is  almost  always  greater  or  less  than  the  obsened  distance. 

/  Bf  uy  tlM        by  UiappMWBl  tflVMl SM(l0«,d«Cf«m  SW  dv««.     M iW«l%  wMdin«fc«fl 
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Ito ngiihff  Mhmm  of  tenooa  from  tlw  Mm  •aA«pmf».^ftn%  we 
MMnlly  gifM  In  tke  ITiirtirt  Almanmc  from  one  object  on  each  ude  of 
ber,  to  afford  a  greater  number  of  opporlunitirs  of  olmt'rvation,  and  to  ♦»n- 
abte  the  obsenrer  to  correct  in  a  great  degree,  the  errors  of  the  iostrumeutt 
thft  muitaiiilit  or  a  Ihid^  luibtt  of  obicrving  the  c— toet  of -life  limbs,  be^ 
•MM  these  erron  have  a  natural  teodeaey  t»  comet  each  other,  in  takinfl 
tfie  mean  of  observations  made  with  stars  on  different  sides  of  the  moMn.'^ 
Previous  to  takine  the  observation,  the  Nautical  Almanac  must  h»*  examin- 
ed, to  see  from  wnat  objects  the  distances  arc  computed,  and  from  those 
•MmIb  Milj  must  the  dMMww  be  oMasiirad.  " 

There  ire  only  nine  stars  from  which  the  angular  distances  are  computed 
in  the  Nautical  Almanac ;  and  as  it  is  of  the  greatest  importance  to  be  able 
to  discover  them  easily,  I  shall  here  add  a  number  of  remarks  which  will 
be  fiMind  iMiftd  Ibr  that  purpoie* 

The  best  war  of  discovering  any  star,  is  by  means  of  a  celestial  glebe* 
If  that  cannot  be  obtained,  the  time  of  the  starts  passing  the  meridian,  aifd 
its  meridian  altitude,  may  be  calculated,  and  by  observing  at  tliat  time,  the 
star  may  be  easily  discovered.  The  distances  marked  b  the  Nautical  Al* 
manac  afiiid  also  to  tiM  observer  ea  eaij  method  of  knowing  the  sUr  from 
which  the  moon*B  distance  is  to  be  ebierfed ;  for  he  has  nothing  to  do  hut  to 
•et  the  sextant  or  circle  to  the  distance  computed  roughly  for  the  apparent 
time,  ^timaied  nearlv  for  the  meridian  of  Greenwich,  and  direct  his  sight 
to  the  eiet  or  weet  er  the  moon,  aeeeidlBg  et  tiie  diltMiee  et  GfeMiwicb  w« 
Ibimd  io  the  VIIT.  IX.  X.  and.XI.|peiM  of  the  month:  and  havieg 
found  the  reflected  image  of  the  moon  upon  the  horizon  glass,  sweep  the 
instrument  to  the  right  or  left,  and  that  image  will  pass  over  the  sought  star, 
if  above  the  horieon,  and  the  weather  clear :  the  star  is  always  one  of  the 
brightest,  and  ii  ritmited  nearly  in  a  line  perpendiciilar  to  the  moon's  liems, 
or  which  is  the  same  thing,  in  the  line  of  the  moon's  shorter  axis  produced. 

The  computed  distance  made  use  of  in  sweeping  for  the  star,  may  be 
found  in  this  manner.  Reckon  the  apparent  time  at  the  ship  in  the  manner 
of  oBtronomera  (by  eooBtfaig  f4  howi  from  aoon  to  wioo,  end  taking  tb^ 
day  one  less  than  the  tea  account ;)  to  this  time  apply  the  longitude  turned 
into  time,  by  adding  in  west,  and  subtracting  in  east  longitude  ;  the  sum  or 
difference  will  be  the  apparent  time  at  Greenwich  nearly.  Take  the  dis- 
tances from  the  Hautieal  Almanac  for  the  time  immedhtely  preceding  eoA 
foUowfaig  this  estimated  time,  and  note  the  difference  of  these  distances : 
Then  say  as  Sh.  or  180  is  to  the  difference  of  the  distances,  so  is  the  differ- 
ance  between  the  apparent  time  at  Greenwich  and  the  next  preceding  time 
•et  down  in  the  Nautical  Almanac,  to  a  i>roportioi|al  part  to  be  added  to  the 
aoit  pfeetdjng  diitaiiee  taken  from  the  NeetiGel  Almanac  if  the  distance  be 
jaiieering,  but  subtracted  if  decreasing ;  the  sum  or  diftoHMO  wtti  be  the 
^Bstance  at  which  the  quadrant  or  sextant  b  to  be  fixed. 
In  sweeping  for  the  stars  by  this  method,  it  will  often  happen  that  two  or 
tore  ere  swept  upoo  el  onee ;  this  might  eeuse  some  difleidty  to  an  kiex- 
ibmriod  observer,  who  would  be  at  a  loss  to  know  which  to  make  use  of. 
>  leiiiove  this,  the  laMowiag  descriptton  of  these  stars  is  added.  ^ 

« AftLETIS.  This  star  bears  atraut  west,  distant  23^  from  the  Pleiades 

afe  m      or  Seven  Stars :  it  if  of  the  second  magnitode,  and  may  be 
baowB  by  Bwcmef  the  ilv«eftbslUrdnagntoie,  situated 
8.  W.  from  a  Arietifl  at  the  distance  of  3i  degrees.  South 
fl-om  the  itar  «  at  the  distance  of  lA^.  as  the  sUr  v,  of  the 
^  f  fourth  magnitude.  The  noithsraiaestefttsse  stars  is  •  Arictis. 

'  ALDBBABAN.'         Aboal  «P  E.  tnm  m  Arietis,  and  14^  S.  E.  from  the  I'lelp 
•      uAe*  or  Seven  Stars,  is  the  bright  star  Aldeboran.    Near  this 
-t-  ttar,  to  the  westward,  arc  six  or  seven  stars  of  the  third  or 

foorth  magnitude,  forming  with  AlMMuran  a  figure  resembling 
llie  tetter  V,  as  is  represent'  .1  in  thv  adjoined  figure,  where 
*  Aldebaran  is  marked  a.  At  the  distance  of  83-  frm  this  star, 
in  a  S.  E.  direcUon,  are  time  tery  bright  slaiB»  muated  bi^a 
aInJiht  Met  near  to  seek  other,  fooBiag  the  bett  «r  Orion. 
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fOWJl»  At  Ike  dkCance  oTU^  fWnn  AUelMrtn,  in  the  direction  of 

E.  N.  E.  is  the  Star  Pollux,  which     a  bright  star,  though  not 
*         of  Uie  tir&t  magnitude.        \\  .  Irom  it,  distaul  o*-',  is  the  star 
Cwtor,  of  neairij  the  aame  magnitude,  and  jou  wiD  almost  al- 
  tray  sweop  hoft  at  once ;  the  »outhemmo«t  i»  the  one  u»ed. 

REGULU8.  E.  by  9.  <k  8.  from  Pollux,  at  the  distanee  of  37^^^,  is  the  star 

♦  Brgulus,  of  the  lirst  magnitude  ;  to  the  northward  of  this  »tar, 

"*         *  ^        (at  the  distance  of  b^)  is  a  star  of  the  second  magnitude  near 
to  Ibeie  are  fire  start  of  the  third  magnitude,  the  whole  fom- 

iDg  a  dubtc  t  re. -ombling  a  sickle,  represented  in  the  adjoim  d 
^  figUiet  Regiilus  bein?  in  the  extremity  of  the  handle.    A  line 

.  drawn  from  the  northern  polar  btar,  through  ita  pointers, 
^  ^    I         passes  about      to  the  eastward  of  Regolus. 


SP1CA>'  ^*  ^'  ^'  ^''""^  Kegulus,  ui  the  ui>iaiiee  of  54*-,  is  the  star 

Spica  of  the  first  msignttude,  with  no  very  bright  btar  nesr  it : 
J^.  U'.  from  this  star,  at  tlie  distance  of  about  l6  ,  are  live 
etars  of  the  third  or  fourth  magnitude,  situated  as  in  the  ad- 
joined  figure  ;  the  two  northernmost  of 'these  stars  w,  form 
a  straight  line  with  Spica,  and  by  thin  mark  it  may  be  cnsily 
discovered.  A  line  drawn  from  the  northeni  polar  star, 
through  the  middle  star  of  the  tail  of  the  Great  Bear,  will  paaa 
«  near  to  Spica. 


AMTARES. 

♦ 


♦ 

4C 


E.  S.  E.  from  Spica,  at  the  dbtance  of  46^,  is  th« 

star  Aritarcp,  In  26  degrees  of  «ni.th  declinntion  ;  if  is  a  n  - 
markable  star,  of  a  reddish  colour ;  on  each  side  of  n,  to  the 
W.  N.  W.  and  S.  S.  E,  about  2"^  dbtaiit,  is  a  sUr  of  the  tbinl 

or  feufth  manuHude,  no  very  bright  star  being  near.  

N.  E.  from  Antares,  ct  the  di^tan(  i  ul  b'l  .  is  the  scry  bri^bi 
star  a  Aquilx  ;  N.  N.  W.  from  which,  at  t-  distance,  is  a  star 
of  the  third  magnitude,  and  S.  S.  £.  at  3^  distance,  another 
star  of  a  lesser  magnitude.  These  three  stars  appear  nearly 
in  a  straight  line.  The  star  a  Aquils  is  aeariy  of  the 
colour  as  AnUin  s. 


'FQBfALHAUT. 


S.  E.  from  a  Aquila-,  at  the  liistance  of  OU  ,  ia  the  alar  Fo- 
malhaut,  which  is  a  bright  star  of  high  southern  declination,  its 
altitude  in  northern  latitndcs  I » inj^small,  never  exceeding  20"' 
in  the  latitude  of  40^  N.  I'his  litar  bears  nearly'  ?outb  from 
the  star  a  Pegasi,  distant  45  degrees.  A  line  drawn  tmm  the 
pointers,  through  the  northern  polar  star,  and  continued  to  the 
opposite  mendian,wiU  pass  very  near  to  a  Pegasi  and  FomalhsMt . 


•      1^  by  N.  from  a  Aquila»,at  tiie  distance  of  48°,  and  west 

from  a  Arietia,  nt  thr  distance  of  44^,  is  the  star  a  Pcga^i, 
which  ma^  be  known  b^  means  of  fourstsis  of  different  mag- 
nitudes, situated  as  in  the  a^loined  figure*;  in  which  m  reprcr. 

senU  a  Pegvisi,  ]?  a  star  of  the  second  magnitude,  bearing  north 
of  it,  di;tant  1^  ;  the  othr  r  -  are  of  lesser  magnitude,  ;,:id  two 
of  them,  i;,  ^,  form  a  straight  line  with  the  star  a  Fegisi,  and 
by  this  mvk  It  may  be  easily  discovered. 

ft  would  hi'  a  great  improvomrnt  in  the  Nautical  Almaiinr  if  the  distances 
of  tlie  moon  were  also  givet)  from  tlu'  planet-;  Jupitrr,  Venn-,  Mars,  and  Sa- 
tltnit  Jj^rtienlarty  tlic  two  first,  as  tlieir  Uislauces  from  the  ruouii  on  account 
of  their  brightness,  can  be  measured  much  more  easily  than  from  a  ftxed 
star,  stich  ohsfrvations  can  be  taken  diiv'm.;  the  twilight.  These  distinces 
have  been  puMisJied,  for  several  years,  by  Mr.  Schumacher, of  Copenhagen; 
also  in  Baron  Zach's  Jourual. 


•  PBQABt 
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Genend  ^haavaHom  on  iht  taking  of  a  Lunar  Obanvatituu 

The  accuracy  of  a  lunar  observation  depends  chiefly  on  the  regulation  of 
the  watch,  and  on  the  exact  measurement  of  the  angular  distance  of  the 
moon  from  the  sun  or  star;  a  small  error  in  the  (ihserved  altitudes  of  thosr 
objects,  will  not  in  general  much  aficct  the  result  of  the  calculation. 


LU.X.VR  OBSERVATIONS. 


The  best  method  of  regulating  a  watcli  at  sea  is  by  taJcIug  an  altitude  of 
the  sun  when  rising  or  falling  quickly,  or  when  bearing  nearly  east  or  west, 
and  noting  the  time  by  the  watch.  "Witli  tliis  altitude,  tile  latitude  of  the 
place,  and  the  sun's  declination,  dud  the  apparent  lime  of  observation  by 
cither  of  the  preceding  methods  :  the  difference  between  this  time  and  that 
shewn  by  the  watch,  will  shew  how  much  it  is  too  fast  or  slow.  A  single  ob- 
servation taken  with  care  will  generally  be  exact  enough  ;  hut  if  greater  ac- 
curacy is  required,  the  mean  of  a  numl)erof  observations  ma^  be  taken.  If 
the  distance  of  the  sun  and  moon  be  observed  when  the  sun  is  three  or  four 
points  distant  from  the  meridian,  the  apparent  time  of  observation  may  be  de- 
duced from  the  altitude  of  the  sun  taken  at  the  precise  time  of  measuring  the 
distance;  this  will  render  tlie  use  of  a  watch  unnecessary,  and  will  prevent 
any  irregularity*  in  its  going,  from  affecting  the  result  of  the  observation.  If 
a  night  observation  is  to  be  taken,  the  watch  should  be  rc>gulated  by  an  alti- 
tude of  the  sun  taken  the  preceding  evening,  and  its  going  examined  by 
means  of  anotJier  observation  taken  the  next  morning ;  for  the  time  found  by 
an  altitude  of  a  star  cannot  be  so  well  depended  iip«)n,  except  in  the  morning 
and  evening  twilight,  as  the  atmosphere  in  tlie  night  is  precarious,  and  the. 
horizon  generally  ill  defined  ;  but  the  altitude,  may  be  sufficiently  exact  for 
finding  the  correction  used  in  determining  the  angular  distance. 

Although  all  the  instruments  used  in  iheu:  observalions  ought  to  be  well 
adjusted,  yet  particular  care  should  be  taken  of  the  sextant  or  circle  used  in 
me4isuri:ig  the  angular  distance  of  the  moon  from  the  sun  or  star,  since  an  er- 
ror of  r  in  this  distance  will  cause  an  error  of  nearly  30'  in  the  longitude  de- 
duced therefrom.  When  a  great  angular  distance  is  to  be  measured,  it  is  ab- 
solutely necebsary  to  use  a  telescope,  and  the  parallelism  of  it  with  respect  to 
the  plane  of  the  instrument  must  be  carefully  examined  ;  but  in  measuring 
small  distances  the  use  of  the  telescope  is  not  of  such  great  importance,  and 
a  sight  tube  may  then  be  used,  taking  care,  however,  that  the  eye  and  point 
i»f  contact  of  the  objects  on  the  horizon  glass  be  equally  distant  from  the 
plane  of  the  instrument.  But  it  ought  to  be  observed  that  it  is  always  condu- 
cive to  accuracy  io  use  a  telescope,  and  after  a  little  practice  it  is  easily  done. 

Whilst  one  person  is  observing  the  distance  of  the  objects,  two  others  ought 
to  be  observ  ing  the  altitudes  ;  and  the  watch  either  suspended  near  one  of  the 
observers,  or  put  into  the  hands  of  a  fourth  person  appointed  to  note  the 
times;  the  observer,  who  takes  the  angular  distance,  giving  previous  notice 
to  the  others  to  be  ready  with  their  altitudes  by  the  time  he  has  finished  his 
observation,  which  being  done,  the  time,  altitudes,  and  distancef  should  be 
carefully  noted,  and  other  sets  of  observations  taken,  which  must  be  done 
within  the  space  of  15  minutes,  and  the  mean  of  all  these  ob^^ervations  must 
be  taken  and  worked  as  a  single  one. 

When  a  ship  is  close  hauled  to  the  wind,  with  a  large  sea,  or  when  sailing 
before  the  wind,  and  rolling  considerably,  it  is  ditlieult  to  measure  the  dis- 
tance of  the  objects  ;  but  when  tlie  wind  is  enough  upon  the  quarter  to  keep 
the  ship  steady,  there  is  no  difficulty,  especially  in  small  distances,  which  are 
much  more  easily  measured  than  large  ones,  and  are  rtot  so  liable  to  error 
from  an  ill  adjustment  of  the  telescope  ;  an  observer  would  therefore  do  well 
to  choose  those  times  for  observation,  when  the  dii^tance  of  tlie  objects  is  les? 
than  70^  or  UO'^.  An  observation  of  the  sun  and  moon  is  generally  much 
easier  to  take  when  the  altitude  o(  the  moon  is  less  than  that  of  the  sun,  be- 
••ause  the  instrument  will  be  held  in  a  more  natural  and  easy  manner.  When 
the  moon  is  near  the  zenith,  the  observation  is  generally  difficult  to  take,  and 
liable  to  be  erroneous,  U'cause  the  observer  is  forced  to  place  himself  in  a 
disagreeable  posture.    For  tlie  same  reason,  an  observation  of  the  moon  and 

*  It  it  noi  unrommon  to  find  a  tliflcrence  iti  ibo  rcg^lattun  «»f  ■•waic.U  lo  tlie  forenoon  and  afternoon  ; 
thit  didercncr  (^fmrrally  itr'vMn  from  ihk  irre^ularily  io  lltc  jroiti^  uf  the  walcli. 

*  If  tliedlstaitce*  are  ineiuurcd  1»y  a  circtiinr  bi!-trumcnt,  it  »i!l  iioi  tie  nece^ry  to  note  the  cevrral 
distances  tii€astirr<l,  but  oiily  tbe  itinus  nnd  aliiiudrn,  as  (be  hum  uf  all  tb«-  diMancr*  meuiturrd  by  thr 
circle  will  be  givou  t.y  tL«  iitKlruiur.-it  ut  llie  end  ol  tbe  ottk^rvalioiu ,  ai>d  if  tbe  nlliiutle*  of  ibt;  object, 
are  «Uo  meiuureil  by  circular  Invtniii.oritv.  il  will  ni>t  he  iK'rt»»«!»r\  lo  not?  ttc  ifvorjl  oMltti^c.  I^tu  i>nly 
the  time*  of  o'lvrvntim. 
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»  fftar  is  generally  much  easier  to  take  when  the  star  is  lower  than  the  moon. 
This  sitntion  of  the  objeets  may  in  most  cases  be  obtained  bv  talung  tho 

f^bserration  at  a  proper  time  of  the  day.    But  it  must  be  oWrved  that 
neither  uf  the  objects  ought  to  be  at  a  less  altitude  than  10^,  upon  account 
of  the  uncertainty  of  tlie  refraction  near  the  horitoo  ;  for  the  horizontal  re- 
ftaeUon  wies  from  MftoH'A^T  only  by  an  aUentian  of  40O  {q  tlM  ther> 
mometer.  Thh  alteration  might  erase  an  error  of  two  degrees  in  the  longltuift 
In  taking  the  altitude  of  the  mnon,  the  round  limb,  whether  it  be  the  up- 
per or  lower,  must  be  brought  to  Uie  horizon.    In  damp  weather  it  is  rather 
.^gUftcult  to  observe  the  altitude  of  the  stars,  on  account  of  their  dinmess,  par- 
'Seiihurly  «  Pogasi  and  a  Arietis.    Sometimes  they  are  so  dfan  that  they  can- 
not be  seen  through  the  holes  of  the  sight  vane  of  a  quadrant,  particularly  if 
the  mirrors  are  not  well  silvered  ;  in  this  case  the  vane  must  be  turned  aside, 
and  the  eye  held  in  nearly  the  same  place,  or  the  altitude  must  be  taken  by 
atealHit  funiishtfd  with  e  sight  tube. 

We  have  here  supposed  that  there  were  observers  enough  to  measure  the 
altitudes  when  the  distance  was  observed  ;  but  if  that  is  not  the  case,  the  al- 
titudes may  be  estimated  by  either  of  the  methods  which  will  be  hereafter 
given. 

Preparations  necwary  for  trorkin^  a  Lunar  Observation. 

Find  the  apparent  time  of  observation  by  astronumical  account,  reckoning  the  hour* 
tnm  nooo  to  noon  in  numerical  succession  from  1  to  84,  and  taking  the  day  one  leaa 
'   than  the  sea  account ;  to  this  time  apply  the  longitude  turned  into  time  by  Table  XXI.* 
by  adding  if  in  west  longitude,  but  subtracting  if  in  east  j  the  sum  or  diflereacef  will 
M  the  luppMod  tima  at  Chreenwidi  or  r«taeM  Mmc 
In  page  VII.  of  the  month  of  the  Nautical  Almanac.  f\i\(\  the  OMMin's  semi-diasselSf 
horizontal  parallax,  for  the  nearest  noon  and  midnigbt  btibfe  and  aAer  the  reduMd 
MM,  and  and  the  diflEbrenee  of  the  ferallaiasaad  Ae  difierenee  of  the  semi^ltameten ; 
theei^li|p  Table  XL  with  these  differences  respectively  in  the  side  column,  and  the 
reduced  rane  at  the  top,  opposite  the  former  and  under  the  luttrr,  will  stand  the  conr«c- 
J(tions|  to  bo  applied  respectivulj  to  the  semi-diainetcr  and  horizontal  parallax  marked 
first  "ift  the  Nautical  Almanac,  additive  if  increasing,  subtractive  if  oecreasing  ;  dM 
sum  or  diffSerence  will  be  the  horizontal  semi-diameter  and  the  horizontal  parmlax  re> 
tircly,  a^Jbftjtmg.of  obserfation.    To  thu  horizontal  semi-diameter,  most  be  added 
siiginiiiilsilWWWiWibia'  XV.  correspondfaig  to  the  moon*s  aMtude,  the  mob  wH 
the  true  snni-iliamrtf^r  of  the  moon. 

The  sun's  tnn^^senu-Uiameler  is  to  be  found  in  page  111.  of  the  month  of  the  Naotiai 
Aliii 


To  tbs  obsenred  altitude  of  the  sun's  or  moon's  lower  limb  add  19',  but  if  the  upper 
limbs  were  obsenred,  subtract  20',  and  from  the  star's  observed  altitude  subtract  4f,  and 

jou  will  have  nearly  the  s^iparenl  dtUudts  of  tboiic  objects  rebpectively.§ 

To  the  chserved  distance  of  the  moon  from  a  star^  add  the  moon's  true  semi-diametsr, 

if  hemearcst  limb  was  observed,  but  subtract  that  semi-diameter  if  her  farthest  limb  was 
observed  ;  the  sum  or  difference  will  be  the  apparent  distance.    But  to  the  observed  Us- 


114. 


•  OrlqrimikMyfiif  l94stxM:Ml«dl]ft,tailMaMimd 

t  WMBlhcsM«wcodsS4  hours.  yoB  MM BiMnctS4boun  •adsiMowtollMday'  erilM 

adwhta  Uw  tinw  to  betubtrarted  b  cmtcr  tlwii  the  uMMrrni  Ume,  th*  T 


and  whia  Uw  tInw  to  be  tubtrarted  is  gnattr  ibm  the  BpiMrrnl  Ume,  the  latter  mtm  bo  inmmaed  bj  34 
kours,  oad  ooo  day  taken  from  die  day  of  tho  moaih,  conformable  to  (be  Osoat  roles  of  addition  and 
•SblmctkMi.  If  the  chronomrter  o*ed  In  taking  tbe  obtervatiun  l>c  rrsuUtrd  to  Um>nwicb  time,  this 
SMUt  of  the  calculation  will  be  unnecefsai7,  because  tbe  reduced  time-  at  Greenwich  will  be  ^'iven  direct- 
ly by  the  chnuionn  tiT. 

J  These  coi-rtciion*  mar  l>e  fouml  p.isily  'M  itliout  the  tablf,  bv  w»ying.  »«  12  hour*  arc  to  the  niliiced 
tiiiir,  (rejecting  12  hours  when  t  oxct-fus  i:?)soi»the  dlflVri-nce  of  •x-nrnliHiiitirr  or  (>.ii.»;in  (.ir  It 
hours  to  ihf  <u>m-!ipondinB  correction  If  llie  miuoed  lime  raonot  be  fwiml  acrur.jK  lr  in  tliv  lab!*-,  yoa 
Wu»t  use  the  nearest  nuinlien  which  will  in  peneml  be  suificifntly  accurate. 

^  Thi'w  altitudes  an*  s>.ip|>.is<Hl  to  be  taken  at  i^ea  by  a  lori'-observation  ;  ami  ihr  application  of  the 
above  numbers  will  g"ivr  Hk  ipjiarent  nllitudes  cnrresponclintr  to  obsorvation*  iitKrn  on  the  deck  ot  a 
comiDon  ttzed  vessel  (where  iIm;  dip  ia  about  4  or  i  )  lo  a  ttUBcient  degree  wf  accuracy  :  if  the  obferver 
was  40  or  50  nsC  above  the  water,  1'  or  2'  nlfhl  be  taken  Aooi  these  altitude*  The  pronvicty  of  usisf 
tiiese  auoibert  will  appear  by  coociderioK  that  every  wave.by  raising  the  ship  above  Uio  lovtl  at  IM 
oeo.  will  aher  tho  dtp.  and  that  an  error  of  I' or  3'  in  thealtitodea.  willln  fooeraloMMS  batasMi' 
iBtteiesoUof  thaeakalartenof  alMsrobsscv«aeo,sothat  far  all  practkol  porposss  ihs  abows  ■■ 
WMTho  Mteei— d  as  iaiictswtjy  wwd.  It  MQr  also  bo  ebssrvsd,  that  the  orrsrarislafAfMs  this  i 
will  not  gooerallT  t>e  groatrr  than  that  arislof  from  oaflocUnf  theeqnalioas  dcpoadliif  am  tho  spheroi- 
dal (arm  of  the  ciulh,  and  un  the  density  and  temperatiircof  taeair;  cqaalkMS  which  aiv  almost  always 
■egiected 

u  any  one  wi«be«to  obtain  tbe  apparent  allitodasMricUy,  be  most,  fitMB  the  observed  allitudos,suhCmal 
thedipur  the  iitMtzon  tai«fn  from  Tnbif  Xlll.and  add  OTSBbtract  thcsfwl'dlaawtsr  af  tho  o>Jocfe> 

conling  ai  thv  lower  or  upiwr  livb  was  ohaerrcfU 
I 


« 
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Umci  <^  the  run  and  moon's  nearest  limbs^  add  their  true  lemi-diameters  ;  the  sum  will  be 

the  apparent  distance. 

Thcac  prt|>aratioas  are  necessary  in  every  method  of  working  a  lunar  obser>-ation. 
The  most  noted  methods  are  those  of  Dunthome,  Borda,  Maskclyne,  Rius,  VVitcheU, 
Lyons,  bLC.  and  improvements  thereon  by  various  authors. 

Dunthorne's  and  similar  methods,  have  one  great  advantage,  in  not  t>eing  liable  to  a 
variety  of  cases  ;  but  those  methods  are  tedious,  when  tables  of  logarithms  to  minut«a 
only  are  used,  by  reason  of  the  great  exactness  required  in  proportioning  Uie  logarithms 
to  seconds.  This  is  obviated  in  the  excellent  methods  published  by  Kios  and  Stansbury, 
but  they  require  large  and  expensive  tublu.s,  and  on  that  account  are  not  in  very  general 
use.  Witcbell's  and  Lyon's  methods  do  not  labour  under  the  inconvenience  of  requiring 
large  tables,  nor  do  they  require  any  particular  notice  of  the  seconds  in  finding  the  log. 
sines  and  log.  tangcnt.t,  but  these  methods  arc  embarrassed  with  a  ^-aricty  of  cases : 
sometimes  the  corrections  are  additive,  sometimes  subtrai  tive,  and  learners  find  a  diffi« 
culty  in  rightly  applying  them.  To  remedy  this,  a  method  was  published  in  the  first  edi- 
tion of  this  work,  in  which  two  corrections  were  constantly  additive,  two  subtractivt, 
f  nd  one  small  correction  was  additive,  when  the  distance  was  less  than  90^,  but  lubtrac* 
tlve  when  above  90^ . 

This  method  was  (\jrthcr  improved  in  the  Appendix  to  that  edition,  by  means  of  four 
new  Tables,  which  are  inserted  in  this  edition,  and  numbered  XVII.  XVill.  XIX.  and  XX. 
by  meiuis  of  which  the  work  is  considerably  shortened,  and  all  the  corrections  rendered 
additive.  This  method  will  now  be  given,  after  making  a  few  remarks  on  the  manner  of 
taking  the  corrections  and  logarithms  from  these  new  Tables. 
0  Tables  XVII.  contains  a  correction  and  logarithm  to  be  used  when  the  moon^s  distance 
from  a  star  is  observed,  and  Table  XVIII.  is  a  similar  one,  to  be  used  when  the  meon*s 
distance  from  the  sun  is  observed.  Both  these  Tables  arc  so  extended,  that  no  propor- 
tional parts  arc  necessary  in  takin^^  out  the  corrections  and  logarithms,  except  the  alti- 
tude of  the  Sim  or  Star  is  less  than  7*^'  SO',  and  at  !<uch  altitudes  an  obsenation  is  lii^le 
to  error  on  account  of  the  uncertainty  of  the  refraction ;  so  that,  in  using  these  tables,  it  is 
sufficiently  accurate  to  find  the  number  ncarciit  to  the  given  altitude  of  the  sun  or  star, 
and  make  use  of  the  corresponding  correction  and  logarithm.  Thus  if  the  star's  alti- 
tude is  12-^  25',  the  nearest  number  in  Table  XVII.  is  12'-  24',  corresponding  to  which 
are  correction  55'  4.V',  and  logarithm  1.3l6l. 

Table  XI \.  contains  the  corrections  and  logarithms  corresponding  to  the  moon's  bori-  ^ 
zontol  parallax  and  altitude,  both  being  found  at  the  same  opening  of  the  book.  The 
corrections  for  seconds  of  parallax  and  muiules  of  aJtiludc,  aro  easily  taken  out  by 
means  of  Tables  .\,  B,  C,  placed  in  the  margin.    The  metliml  of  finding  these  correc- 
tions is  given  at  the  bottom  of  the  Table  ;  they  are  always  additive. 

Besides  the  two  logarithms  taken  from  Table  X\  II.  (orXVIIl.)  and  XIX.  this  new  rule 
requires  only  four  logarithms  to  be  taken  from  Tabic  XXVII.  to  four  pUces  of  figures, 
and  to  the  nearest  minute,  it  being  in  geticral  tmneccssary  to  proportion  for  the  seconds. 

We  shall  now  give  the  rule  for  correcting  the  distance,  aad  shall,  for  brevity,  use  the 
word  sine,  secant,  and  co-secant,  instead  of  log.  sine,  log.  secant,  and  log.  co-secant  re- 
spectively, and  the  same  will  be  observed  in  the  second  and  third  methods  of  correcting 
the  distance. 

Shortest  method  of  correcting  the  Apparent  Distance  of  the  Moon  from  the  Sun.* 
Add  the  apparent  distance  of  the  moon  from  the  sun,  to  their  apparent  altitudes,  and 
note  the  half  stun.    The  diflerence  between  tlic  half  sum  and  the  apparent  distance,  call 
the  Jlrsl  remainder  ;  and  the  difierence  between  the  half  sum  and  the  sun's  apparent  al- 
titude, call  the  second  remainder. 

Take  from  Tabic  XXVII.  the  following  logarithms,  which  mark  beneath  each  other  in 
two  columns,  viz.  the  sine  of  the  apparent  distance  to  be  marked  in  both  columns,  the 
co-secant  of  the  second  remainder  to  be  marked  also  in  both  columns,  the  secant  of  the 
first  remainder  to  be  placed  in  the  first  column,  and  the  secant  of  the  half  sum  in  the 
second  column.! 

Enter  Table  XVIII.  (or  Table  XVII.  if  a  star  was  used)  and  take  out  the  correction 
eorresponding  to  the  sun's  altitude  (or  star's  :)  take  also  from  the  same  Table  the  cor- 
responding logarithm,  which  place  in  column  1st. 

Enter  Table  \iX.  with  the  moon's  apparent  altitude  and  horizontal  parallax,  find  the 
corresponding  correction,  which  place  under  the  former  correction,  and  the  logarithm, 
which  place  in  colOTnn  2d. 

*  Tbia  rule  is  ibe  MMie  u  thai  for  eonvctinff  ibr  dixancc  of  \he  mono  from  a  star,  except  in  rmdinr 
star  for  sun,  nmi  atiof  Table  XVII.  iatirad  of  Tnb>  XVIII.  U  tbr  diitance  of  (be  moon  from  a  |tUnetU 
used,  iu  parallAX  may  cei-irxlly  tie  neglectcil,  C(>i)f(idt>rinf>  ii  a»  n  fisrd  tiar,  and  uiing  Table  XVII. 
However,  if  the  pUneCi  boriz^mlal  {jaralUx  it  known,  Uie  cormp<inding  correcik>u  of  Uic  distance 
may  bf  rouml  nearly  as  faUnw«  : 

Add  toiffiher  the  l»t  correction  and  the  cot  Tab.  XVII.  call  the  sum  S.  Take  the  cii/Terence  between 
6  ami  60  an^l  lu  lt<  prop.  tug.  aJti  tbe  prop  Utg.  of  double  of  the  planet's  boriionlal  parallax,  and  Uie 
arithmetical  coro)>lemeni  of  ih«  U  g.  found  In  Tahle  XVII.  the  sum  (rejecting  lO  in  tbe  index)  will  be 
the  nrop.  lof .  uf  n.rt  sought  correction,  widt  h  is  In  >>«>  miUtd  to  the  otmputed  distance  if  S  is  l*u  thaa 
•0',  not  tuhtracud  if  8  exceed  CO  .   See  note  page  169  for  as  txampk  or  (bi*  rale. 

t  Kpjectlng  alwavi  the  leiA  la  the  imlires. 

-  '  II  :  0  by  Google 
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T1]f^  sum  of  llic  four  logarithms*  of  coltinwi  1st.  ui!l  be  thr  proportional  lo^antlirn 
of  the  first  correction,  and  the  sum  of  the  logaritiuns  of  column  second*  will  be  the 
proportional  logarithm  of  the  second  correction  ;  these  eorrections  being  fouod  in  Ts- 
ble  XXII.  are  to  be  placed  under  the  former  corrections. 

Enter  Table  XX.  and  M  i-.k  in  the  f^hh-  colunm  the  nearest  minute  of  the  correction  of 
Table  XIX.  opposite  thereto  and  under  the  distance  in  the  column  marked  Tabie  XIX. 
will  be  a  mnBOer  of  seconds  which  rescrte*  Enter  the  Table  :igain,  and  flftd  at  tka 
sides  the  nearest  minute  to  the  sum  of  the  correction  of  Table  XIX.  and  the  second  eoc^ 
rection  opposite  to  this  sum  and  under  the  dbtance  in  the  column  marked  Table  X1X» 
.  -fM.  Cor.  will  be  a  number  of  Mcond* ;  tbe  difl^nee  between  this  and  ^  ibmer 

reserved  nnmlicr  of  seconds  will  be  a  corn  *  tion  to  !)e  placed  under  those  already  found. 
Then  by  adding  all  these  corrections  to  the  apparent  distance,  decreased  by  Ihs  tnu 
MmttMkeMbtii  marly.  \ 

T»  dOerndne  lAe  LongUuiefnm  lAe  fme  dbfoncr. 

If  the  true  distance  of  the  observed  objects  can  be  found  in  the  Nautical  Almanac,  in 
either  of  the  pages  VIII.  IX.  X.  XI,  of  the  month,  opposite  to  the  given  day,  or  to  that 
which  immediately  precedes  or  follows  it,  the  time  will  be  found  at  the  top  of  the  page. 
If  Ibetrue  diatanee  cannot  beibund  in  the  Nautical  Almanac,  take  ont  the  two  distaiiee*, 
one  of  which  is  the  ncxtpreater,  and  the  otlier  tlie  next  less,  than  tbe  true  distance  ;  take 
the  diffisrence  between  these  t\vo  distances,  and  also  the  ditiercnce  between  the  distance 
•.wbich  atanda  Ant  in  tbe  Nautical  Alnuuine  and  tiie  true  distance.  Tben  tbe  Propor- 
tional Logarithm  of  the  form*  r  diffi  rnire  (Table  XXIl.)  being  subtracted  from  the  prop, 
lo^.  of  the  latter  diderence,  the  remainder  will  be  the  prop,  log,  of  a  portion  of  tmte  t^ 
be  added  to  the  time  standing  over  tbe  Ant  dbtanea  in  tbe  Nautical  Almanac,  and  the 
Mia  w81  be  the  true  time  at  Ureenwich.  Tbe  diflerencc  between  this  time  and  the  ap* 
parent  time  at  the  ship  turned  into  degrees  and  minutes  by  Table  XXI.  will  Ik-  the  tnie 
lo^^de  of  the  siiip  from  Ureenwich  at  the  time  of  observation,  and  tbe  longitude 
wwbe  East  if  the  time  at  the  ship  be  greater  tban  that  at  (irecnwieb,  othemi-ie  West.) 

To  exemplify  the  precedini;  rules  there  will  now  be  giron  ?ix  cvamples  of  correcting 
Ae  apparent  distance  by  this  new  rule,  in  which  examples  we  shall  also  include  the 
preparation,  and  tbe  detemination  of  the  kwgHude  from  the  true  distance. 

EXAMPLE  I. 

Suppo  e  that  on  the  2d  of  January,  1920,  sea  account,  at  6' past  midnight,  apparent 
time  in  the  longitude  of  121^  30^  E.  by  account,  the  observed  distance  of  the  farthot 
limb  of  tbe  moon  from  the  star  Aldebanm  was  470  48^63^,  tbe  observed  altitude  of  the 
star  50^  35^,  and  the  observed  ahitude  of  tbe  nioonl*a  lowev  Uab  TOP  SSf,  Re^piiMd 
tbe  true  loiigitude  ? 

Prepctration, 

tfsaaeooant  Jan  2,  \<ils  M.A.  -Tm.  Id.  121). 

Long.  121^  »'  E.  in  lime        8  « 

Rcdoccd  tint,  Jan.  1,  4  0 

>S.lKI«n.l,a8eB      lW(  ^  bar. v«. laa.  1, noon         4e  otat alt  A«S» 

ndda.      14  49  aUda.  M  If      lak  «   -4 


S  WArcnee  t  9|eapp.  ak.  •  50  ci 

TUbliZT.           1  TaMt  XL  8  >  ote.alt.LL  n»W 

BUbiWMa     14  to  >  ber.par.  54»  add  » 

Aa|:.lUh.X7.     IS  )  a|ip.alt  10  4r 

^  8.9i      ia  5  OtM.Diit  sK:  JF.  L.  4r»48'a5 

5  8.IKSBb.  15  & 

App.Dirt.»  »  4T  a^4t 

*  Rfjrctin(;nl«a]rs  tbe  tens  In  tbe  tndicr^L 

t  Tbe  ilUtanf*  oMalncd  bjr  thU  rale  U  not  pcrfprtly  correct,  *inrc  several  «mnli  correctioni  mu«t  be  up - 
plied  toobuiin  itic  tnie  diMance  to  the  nt-nrt-M  •ritiiul.  vii  fij  Tiic  refraction  taken  !rom  Table  XJl. 
uhich  was  madv  use  oC  In  ronMrwrtinsr  T;il.les  XVIl.  XVI'l.  nnd  XIX.  onjjht  to  l>e  cnrrecteil  for  ihc 
UifliTPnt  heights  of  ibe  Barometer  i»nd  Th<  rni.imeter.  ns  din  i  ied  in  pat^e  108,  (»)  A  rorn'Mion  must  \^ 
i^p)»eti  fitr  the  spheroidfil  fi{rurr  of  iho  enrth.  Ami  (:>>  .*  very  imall  corrfction  et|ii.il  v>  tlic  f ourtli  corirc- 
tian  »f  Witchell'*  mfthml,  given  in  yr\^<-  f.2  nf  tliu  A|t;  c;idix  of  '.he  second  e<lition  of  i!k  Hfinu-Mte Ta- 
bl«  of  Mai>iiclyne,  must  aHo  be  iipplw-d  — Hut  to  iK  iire  fill  iheie  cnrrrrlion»  tvould  increfl**-  ihe  cwlcula- 
tioo  *cry  much,  and  the  re«u!t  of  a  single  observation,  in  which  all  ihese  things  were  noticeil,  wo«(d 
probablV  ntH  he  to  ncctimte  a*  the  moaa  of  two  or  thr«  e  ob<ierTatinn»,  taken  at  diffwot  timeB  of  tb* dajr* 
ia  wbkb  tbCM  eorrections  were  iieglecied,  nod  the  time  nere<sniy  to  take  nnd  work  the  latter  ubaiWB  • 
tloBi  wooM  iMt  ba  much  greater  than  to  work  a  tingle  obtewation,  in  wblcb  all  the  corrections  wvra 

/t  b  may  b»  neeenvj  Ip  observ«>,  that  if  ibe  timci  nt  ibe  tdiipaad  Greenwi^  lUlaa  <BAiHfCBt  day*,  tbft 
MbMdMlsrtnb*  reckoned  (be  grenteflt,lhoiifh  ibe  boar  ef  tfw diqr  may  be  Ibe  tosst;  IkmlTUi  day 
r^dnrlitobe  ntccoMd  ^irntcr  iban  l6th  Anjr  SS  lma% 


I|U^A&  QBBB&VATIQNS.  m 


A  pp.  Duf- 
skAPD'  Alt. 

41  M. 
60  31  i 
70  47j 

mm 

ICS  62j 

ij  Sum 
A  pp.  VaU 

84  261 
47  31 

Ui.  Rem. 

3*;  :u 
.  1 

i  Bom 

84  2t»j 

»6y 

To  find  th*  true  ^Mionce. 

Col.  1st.!                    Col.  2d  1  '           o   o    K  '. 

unf               9.8C3t                same  B.rtid)  ^PP- 1^  2B8«I  4.^ 

I  IKfli.  Gt;  52  M-c.    0.05«;<  '  sura  84"  2f.     tec.  I.0IS2 

Tahk-XVll.    loj.    I.SC7tj  Table  XIX.  log.*  .2i6?  -  - 

I  _  1'  nr.                            7  oD 

1  Cor.  I  29"    P.  L.  2i»W«i2  g«.  r  » '  f.  L.  l.SMij  I  iWi-  -iX.  SO 

•  I  True  aisfiUlcp^       47  .1  i» 


l  aW*  XVII.  ii  n 

ruble  XlX.t  4i  1'3 

'".T.  I.  I  29 


7«  find  the  longUude, 

O     t  n 

True  distance   47  24  4<» 

Dtft.  by  N.A.  at  3h.    •ce  66  11 

Diflferenee   88  S8  f .  L.  7994 

DisU  bj  N.  A.     at  3h  4b  60  1 1 

«t  6h  43  S3  S9 


Difie^Quce  ....w   t  S7  48      r.  L.  3114 

0  58  41  P.L.|bS 
M  3 


Time  at  Gioprnvich   .3  :.8  42 

'l  imc  at  ship  12  G 

Longitiideiatine   8  7  18=lSl'>49'£.CnMD(a[9Biiii^ 

EXAMPLE  |L 

Suppose  that  on  the  £Otb  September,  18520,  tea  Account,  at  7h.  4.''/', 
JP.  M.  apparent  time,  in  the  lon«^itude  of  168^  9&  W.  by  account,  the  oh- 

«»erve<i  distance  of  the  nearest  linih  of  the  moon  from  the  star  Antares  was 
;;l°  3'  18'',  the  observed  altitude  of  the  star  lai^  34',  and  the  obsen'ed  alth 
Itide  of  the  moon's  lower  Hmb  ^0^  £6'>    Required  tlie  true  h)ngitudf  ? 

Prtpartdion,  * 

8ea  accounl  Srni.  20,  i«  hy  the  N.  A.  Sept.  18iL  7|u  45 
kgiig.l8»*aO' W.lalliM       11  e 

otai  jdi   liifi 

Bcdaced  ti'iic  Sept.  13  It  29  43  tub.   4 


B.  i6d« 

)  Iwr.  par.  aqU.  li^HMa 

1  16  40 

8cpt«^MW 

01  a 

>gli.albl.l..   m» 

a 

BURrmm 

li 

ffia  j:: 

lUiteXI. 

9 

Aug.  'I'-Jlile  XV. 

5 

mm 

Ota.  DUt.  ]^  ^  K.  L  •]  on  1 H 

J6  4S 

App.  Din.  )  ale ....  SI  SO  t 

-  TIlis  Log  -Lo:-  T.Ablo  XIX.  SaSD+Log.  Tnbl*  C  9=2269. 

f  TUU  Cc>rr.=Corr.  Table  XIX.  41'  49"+Oorr.  T»Me  A  13  "+Corr.  Table  B  6":=:4J'  OC". 

t  ff  in  thto  OMB  llw  street,  IimMM  of  btitw  the  ImI  4w  Aatorak  IhhI  bMD  «  pkuM.  wbow  borUooial 
IMmllM  b9ir%  itewmntMiiriNflMee  ail^  ftw  tte 

P«gt ler.  Tim, um Hniior tw owr.iUkxmcjr ow.i  (r ar') w.  ■tiyiifiy 

f(b>  prop.  log.  of  Ibe  ivmaiadcr  0*  43"  U  2.4000,  tbp  prop,  loe  of  (he  double  boritodtif  JMir.  40"  U  tAM, 
T¥« aiiih.  comp.  log.  Table  XVII.  U  3.1  »?4.  Tbe  nam  of  ibeae  thra*  iofs.  (r^ecting  fO  bi  Ike  Indn)  la 
2.0333  equal  to  lh«  prop.  U);^  of  i::    ihe  rr<|uir«d  cofrecUoo,  AlMa  <|t>  W  48^  iMH»  IfVMi, 

becinst  «(  exCMs  GD'  and  it  would  lb«rclur«  lR>P4inc  47*  St  37.* 


• 
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7*0  find  the  Uve  di$tmee. 


App.  Wst.       81  siiir  OJDjO 

fApp.  Alt  12  30)2  Bfm.  44«  W  Case  0.1525 
M^Ail.    20  3r;i  IV m.  1^4  CX)    S.c.  O.OGI'C 


^  8uin 
t  K«in. 
3B«II. 


 liable  XV  II. 

114  2^ 


same 

i  mm  57"  14'  8»  c. 
rable  XIX.  Log.* 


57  H  I  Cor.  6'  86"   p.  h.  i.aoC5l2  Cor.  44'  46"  p.L. 

J4  t 
44  44i 


7o>utf*elMiMMb. 


0         ApfkpiH.  |««  ^=79  20  01 
.I8SH 


eosa 


TaUe  XVn.      &5  47 

Ow.t  6a« 

OHWt  MS* 


n  11 M 


Trucdiftance   81  11  51 

Dial,  by  N.  A.  at  18h.   80  57  28 


14  23      P.  L.  1.0»4. 


Dilt  by  N.  A.  At  ISh.*.  80  67  18 

at  Slh  8i  M  17 


Add. 


1  51  49 

0  28  57 

18 


r.  L. 

P.L. 


S029 
8945 


Time  nt  Greenwich   18  22  57 

Time  at  ship   7  83  45 


Longitade  intime 


10  59  lSsi64<'48'W. 


EJUMPLB  ni. 

Supposp  on  April  2ryth  1 020,  at  9h.  A.  M.  sea  accmmt,  ia  the  longitude  of 
E.  by  account,  the  t>hst  rved  distance  of  the  moon^s  farthest  linih  from 
Autarcii  was  76^  32'  10",  the  observed  ultitude  of  the  star  iS^  3*'.  tlie  observ- 
ed altitude  of  the  moon's  lower  limb  17^  5V.   Required  the  true4ongitude  ^ 


Preparatwn. 

6«a  Mcoiwt  April  2^  or  Igr  N.  A.  l|vU  24i]i 
LoBf.  l6e*B.  ...... 


I4h.  0- 
It  4 


Kidvosdltne 

6.  V.  April  24,  iioon  tP^t" 
nlda.  14  63 


Aprn  24Ui 


2  b& 


])'« Ilor.  Tar.  noon 


Table  Xt 
Sum 

Ai«.nfekXV. 


2 
0 


r)iflcr»riire 
Table  XI. 


64'  23" 
•i  81 

i 

2 


lie  Ota.  Alt....  39^34' 

sob.  4 


aid 


Ut.  IT 


14  M 
0 


]).llor.  rtf.     H  35  >AnkAk. 


•itfib|8.9.  USB 


Dirt. 
Sub.  D  6.  D. 


760  3J'  1 5 
14  £«> 


7a  find  ikt  true  dfgtmui. 


Ai  i>-  I>i^l.  "t*  17 
.\p.  All.  23  aO 
At*.  Ail.   18  11 

'sam 
I  8am 


117  58 


■  I  Ben* 
f 


58  60 
17  18 

aft  2» 


tlntt  QSn* 
ZUem.saosa'  eo^e.  02962 
1  Ketn.  I70irw&  (MBOI 
TWitoXVn.  lor.  tJ794 


tear.  2*43"  P.L.  1.82SI 


Col.  2d. 
a9e74 

05382 

I  tam  6»=  tec.  0  L'87'J 
TMr  XIX.  log  i 


2  Cor.  31'  40"  P.  L.  0.7M7 


App.  Diit.       76  17 


o    n    /  ji 
A|W.Dbl.lci|  2sT4  17  ia 
TaUeXVII.  Bt  tO 

r«bioXIX4  to  SI 

1  Cor.  2  42 

2  Uor.  81  4o 
l  oble  XX.  a 

— £: 

True  disUooc       76  00  45 


tIMi 

t  Thb. 


TaUtf  XIX.  1883+Oorr.  TaUe  C  6  =1868. 
lUMaSX. ftr  r-K>ifr.  fUMa  A  r+Corr.  lyUo  D  2"=:6  y. 

EQL  8l»fOam  nb.  0  fl^ltt 
IttiB  ZDC  HT  ir'-H7ot|.  IUk  ^W-^JOttr.  TA,  h  V'saV  31' 
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9fV.A.ik^9iVk,  ^  00  g  J j)iff,,,pce  1  29  69 

Oh. 

3 
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P.  L.  2.9:.4  > 
P.  L.  3011 


?.L.9.65S1 


add 


tiM-aftGnaafiieh  S  0  S4 

Time  at  Ship  14 
Diflereoca  i»  long,  io  time  10  69  36=1 61-^  54'  £.fromGr(ieDt\'icli. 


BXAMPLB  nr. 

Suppose  that  on  the  Slst  October,  1820,  sea  account,  at  about  Ih.  P.  M. 
in  thf  longitude  at'^P  W.  I»y  account,  tlic  following  observatiODS  oC  the  sun 
^ttd.  moon  were  taken.   Kequircd  the  true  iungitude  ? 


Obsrrvcd  UUtance.!    Observed  Alt. 
0  d      N.  L.    1       0  L.  L. 

Observed  AU. 
]>  L.L. 

— '-A- 1^  - 

0  '  89  S 

1  0  10 
1       1  4 
t       I  S3 

68«4y  49^ 
43  18 
42  47 
42  20 
41  56 

57' 

52 

4d 

44 

39 

17  19 
17  9 
16  59 
16  48 
16  36 

.  0  20 

14  10 

240 

84  50 

1       0  4 

68    42  50 
0  S.  D.    16  9 
^  8.  D.    14  53 

45  48 

add  12 

16  58 

'             ■  - 
add  It 

feafc-r^.  . .... 

69    13  5*2 
A|ip.Dist. 

46  0 
App.  Ait  0 

17  10 
App.  AU.  ])„ 

Sea  account  31  Oct.  or  N.  A.  Oct.  SOU.     Ih.    0"  4" 
789  Yf,  6 


Reducc«l  time  Oct  • 
j>  S.  0.0(1.80,9000  ....M'SO"' 
nidaiglit.*  14  48 


.  30d.    6b.  noarlr. 
]>lIor.F)MkOet.80,  noon  54"  81'* 

iBidik  64  13 


Di&rence 
TtttoXl. 


2 
1 


Difierence 
Table  XI. 


8 
4 


Ajig.  Tifcle  Zy. 


14  49 
'  4 


])  Uor.  Par.  54  17 


>8.P  •  14  53 

To  find  tk»  Imc  4ut»i^ 


AniDkt  »  H 
@Ap.Alt    m  0 

I IflAlL     n  Mr 


i9m 

1  Run. 

2  Hem. 


a  s 

»  12 


•ine  9.970r 
2  Rem.  aoo  17  CO  B.  0  4«ir 
IBmh.  82  MC 
lUiteXVnLloc. 


iStl  Cor.  SX'  P.  L.  MIM 


tame  9.910e  App.  Dist  \cs$ 

tame  tt^eu  Table  XVIIL 

eA  ISwc.  OSMl  T.ibte  XULt 
SIX.  lOf.*      2457  1  Uor. 

30«r.uri4"  p.L.ajQaiTMte 


•  Tlii*  Lrtg.^Log.  T.-\b.  XJX.  2454-f  <  or.  TaJ  .  C  3-  2l-;7. 
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IS  lb 
»  It 


at  40  its 


pigitized  by  Google 


"2  .    hVptAi  OBSERVAtlOjVS^ 

To  fiftd  Uu  true  kagUuie, 


By  N.  A.  Dist.  at  6h.  68  40  29  >  fjl 
ByN.  A.Di9U«t9h.     67   19  11  S 


flcrcncc  0^  0'  G"  P.  L.  3.25j.^ 
Difference  1    21    18    P.  L.  34.W 


Ob.  0^  13"        P.L.  a.9101 

suid  6 


Timr  at  Greenwich    6     0  IS 

l  ime  at  Ship   i     0  4 

DiAvenee  fe  long;  in  tine  5    0  9aB79^S'W.ftMiiCtecmjclE. 


EXAMPLE  V. 


Suppose  that  on  the  9th  May,  18S0,  sea  accoimt»  at  about  4h.  4'  P.  ui 

the  latitudo  of  MO^  1'  S.  and  iq  the  longitude  of  \^  E.  by  account,  the  fof- 
lowin<;  observftlions  of  Ulc  siin  and  moon  were  token.  Acquired  the  triie. 
longitude  ?  '  .  .  • 

PrepamHak. 


San'ii 
Mr^n 

Index  erron 
Cor.-  Index  errors 


Observed  Dist. 
0  >  N.  I.. 

TTSr 


Observed  Alt. 
0  L.  L. 


Observed  Ait. 


w  42'  35''l 
41  30 
40  82 


S)  1S4  47 


101  41 


29 

3 


0 
D 


101 
S.  D. 
S.  D. 


41  2i, 

15  52 

16  ir 


102  13  3t 
At>p.  Dirt. 


1 

14^  n  S 

I           41«  dtr  ' 

1 

try  'Jl 

34 

1 

15  49 

4 

1             46  3 

% 

1  ■  • 

15  21 

41  38 

1 

—  3 

-f  9 

15  18 

41  40 

add 

12 

sub.  80 

41  20 

0  Ap|>. 

Alti 

>  App.  Alt. 

Sea  account,  May  5,  or  N.  A.  Mmy  4&  4b.  4f 
LoogUnde  l"*  E.   4 


Kedttcedl  ttaaa . .  •  • 

>  S.  D.  May  4,  noon  16'  3" 
midnight  16  6 


....  MaY4a.  4h. 
>  Hot.  Par.  noon 
midniglit 


58' 
53 


48'/ 
58 


Difference 
TaUdXI. 


8 
1 


Dlffprcnce 
TaUeXL 


Id 

3 


Ai«;TdileXV. 


16  4 

10 


>  Hdr.Parn  --^   SB  51 


jpp.iXii.  mu 

App.  Alt.   41  20 


SUBl 

i  Sum 
IM.  Rem; 
M.Re«. 


U60tl| 


159  4 
t  79  32 
i3S  42 
C4  t 


■ine 

2  Rem.      7  «>-»e. 
1  Hem.  22  4S  KC 
T«tiltXVIII.Iar. 

lGar.r4V'  7.1. 


9J6RH  miiM 
0.0462  same 
ooaw'}  (um  790  ace. 
».42e7lrfchteXiX.lof. 


9.5'90i;  Ap.  Di».  Im  a=ioo 
0U)462  Tnlilc  XVIIL 
0.7407  Tnble  XIX. 
laSl  l<t.  Cor. 

2d.  Cor. 
JVaO  IWbteZX 


56  45 

16  sa 

5  49 

19  n 
la 


rpwdlftme^     IDI  «i  s 


179 


T^findth*  apparent  tinu  mnd  true  Umgiiude. 


®C«rr*rt  Aiatttdc»    15»  ZT 


151  St 


t5  46  tth^t 
M  19  «loe 


9.93891 


4b.r8r' 


Ml  l»  • 


6b 

DiAfence 


ss 

s 

mi 

102  Sd 
iOO  47 

6 

39 

1  S7 

27 

P.L 

ih.  r 
s 

»" 

f.I. 

4816 

Tim**  at  SMp 
Luitgiuid*  ki  Hat 


4 
4 


t  8 

a  n 
t 


8T  E.  Ikom 


EXAMPLE  VI. 

SappoM  tkat  on  tlie  8lh  of  Fdmuj,  1820,  lea  acconat,  at  about  Sfc.      A.  M.  in 

itic  loii^ttide  of  21'^  W.  froiA  Greenwich  by  account,  six  distances  of  the  sun  and 
moon's  nearest  limbs  were  observed  by  a  circle  of  reflection  to  be  464  liy  12"  the 
eaneapoiiding  times  and  altitudes  being  as  in  the  lullowing  i  able.  Required  tlie  tru? 
*        "I  .  • 

f'r- p'^rnlion. 


'.Apparent  ticie  per 
[  watch,  A.  M. 

Observed  liistanct 
0  (  N.  L. 

[   Observed  Alt. 
0  L.  L. 

Observed  Alt.  j 
.]>  U.  L. 

8h.  33'  24" 
34  36 
3»  18 
•  .         36  36 
37'  4 
39  8 

3um  of  tife  dis- 
tnnccs  taken 
from  the  cir- 
cle at'thoend 
of  the  obscr- 
TatioQS. 

340.  1' 
34  13 
34  81 
84  31 

34  39 

35  3 

6lo  47' 
61  35 
61  ^7 
61  17 
61  9 
60  45 

6)        36  0 

^       806  48 

368  0 

36  0 
AfpwttaM 

77    21  48 
0  S.  D.  ^6  14 

J)    S.  T).    T.T  nb 

34  86 
add  18 

61  20 
sub.  SO 

77  88  Si 
App.  Diit 

34  40 
0  App.  AM. 

61  0 
]^  App.  Alt. 

«ik8,tea 

8l«  W. 


«rkyM.A.F4b^ 
Mneedtine  Feb. 


Ill  8.  D.  Fab.  7,  midnight 
Fch.  8,  noon 

Difference 
Table  XI. 


Aug.  Tab.  XV. 
)1i8.D. 


7d.  80b..  36' 
1  84 

7d.  88I1. 

J^'aUor.  Par.  Feb.  7,  midnight   57'  9" 
Feb.  8,  noon        57  37 

Difference  28 
Table  Xi.  S3 


16 


14 

If  66  ' 


y§  Hor.  Par.     67  88 


Ap.AlL  St 

Ap.Ait  ei 


Sam 

t  Sqtd 
isL  arm. 
3«,arn>. 


17J 


!ll«a.az*  T 

iaai._  >  W  se& 
TttiXVIILLof. 


i.rnei  rahleXIX  Loft- 


9.990'. 


Ap.  DlsklesB 


I  Oar.9r  V*  f.U    LIBM  2  (Mr.S'  T'  P.  L.  I.MM 


0.I02<^  rabi«  XVIII. 
Tia>le  XJX^ 
202ijlsl.  Cor. 
&I.  Cor. 
TiMeXX. 


True  (liktance 


M  44 

as  90 

2  26 
18 


»  TU-  Correct  rtluiudc  i*  fi^uiiM  t  v  Mitilraciiu^'  tlii' rcfractiuii  3  from  Ihr  npptjrtM  aJlflude  l5"  30'. 
7  TL»e  h>Ja»  Distance  is  fouoil  by  aililiiig  ilif  liecUiiation  16'  4  K. (correspoodiog  to  the  reduced  lime) 
!•  SO**. 


Tahto  XIX,  201 64  Lof.  Tab.  C  9=3025.    _ 
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To  find  tke  but  kmgUMde. 


True  distance   77"  SS*  47"  i  r^.fl.  ^  ^  ^iv   m  -  u  i      -c  "i 

ByN.AD»5t.Feb.7,8lh.    78     3   41  V^^'^Z  i    32     %  P  L  ^ 


Ih.  0'  22"  P.  L.  4745 

add  91 


.  Time  at  GFecuwidi         32     0  S2 
Time  at  Ship  SO  36 

DUr.  bLoBg.iBtiae        1  S4  9S«=$lc>  5^  W.  fronGfeemrkft. 
iSeeuuSmetk^i  of  fining  Uietrue  HUUmu  of  tkt  Moon  from  lAe  Sifn  or  m  Star. 

From  theMUi'a  refraction  (Table  Xll.)  tuke  bb  parallax  in  altitude  (Table  XIV.)  the 
Itmainder  wilt  be  the  correction  of  the  sun'A  altitude. 

Tbe  star's  refraction  (Table  XII.)  is  the  correction  of  its  uUituJc. 

From  the  proportional  lo:-^  irilbni  of  tbr  moon's  Horizojital  Parallax*  increasing  tUc 
indcK  by  10,  lake  the  sine  ol  the  uiopn'a  api^arent  zenith  distance  (TaWe  XXVll.)  the 
remainder  wUlbe  the  prq>.  log.  of  the  parallax  in  altitude,  which  must  be  found  in  Table 
XXII.  and  the  rnoon^  nfnu  tioti  (Table  XIL)  mdiCnicted  therefktim,  the  feniiiidtr  will 
he  the  correction  of  the  ntuon's  altitude.! 

Add  together  the  apparent  distance  of  the  ran  and  moon  (or  itar  and  moon)  and 
their  apparent  zenith  distances  (or  complement  of  their  apparent  a]tltulIe^«)  and  note  the 
ha!/  sum  of  these  nunihcrs :  the  diflerrnrp  brtwucn  the  half  sum  ami  the  moon's  appa- 
rent zenith  distance  cull  tbe  first  remtmder  ;  uiid  the  diU'ertuce  betHcen  tbe  half  sum 
and  the  sun*a  (or  star's)  apparent  zenith  diabmce.call  the  second  renutindtr. 

To  tlie  con-^lant  hvz  •)y90  add  the  co-secant  of  the  half  sum  und  \hv  sine  of  the 
apparent  distance  (both  taken  from  Tabic  XXMl.)  the  sum,  rejectijig  24)  from  tbe  index, 
wfll  be  a  rt$«rved  logarithm. 

To  (lir  n  served  logarithm  add  the  sine  of  the  sun's  (or  star's)  apparent  /fiiith  di«- 
lance,  the  co-secant  of  the  first  remainder  (both  taken  from  Table  XXVII.)  and  the 
prop.  log.  of  the  correction  of  the  bun's  (or  star's)  altitude  (Table  XXII.)  thnsum,  re- 
jecting 30  (hxtt  the  index,  wiUbe  the  prop.  log.  of  the  fnt  «oarcelion  to  beflkd  inTa-- 
lile  X  X 11. 

To  tbe  reserved  logarithm  add  the  sine  of  liie  incon's  apparent  zenith  distance^  tbe 
co-aecant  of  the  second  fenutinder  (Table  XXVII.)  and  the  prop.  log.  of  the  cometioa 
of  the  moon's  altitude  (Table  XXII.)  the  sum,  rejcr  ling  30  from  the  indeiy  wiD  be  the 
prop.  log.  of  the  second  corruiionf  to  be  found  in  Table  XXll. 

Then  to  tile  apparent  dlatance  add  the  correction  of  the  moon's  altitude,  and  the 
collection,  and  subtract  the  sum  of  the  second  correetkinand  the  conMUmol 
altitude,  the  remainder  will  be  the  rorr*  f  t(  d  distance 

Add  60  to  the  correction  of  tbe  moon's  altitude,  and  60  to  tbe  diflerence  between  liic 
oorrection  of  the  moon's  altitude  and  the  second  correetim ;  find  both  these  ainna  In  tiM 
side  column  of  Table  XX.  and  in  either  of  tic  \t  rlic  al  coliinms,  under  the  cnrrcctt-d 
distance,  find  the  seconds  correspondiQg,^^  the  ddlereucc  of  these  two  numbers  wiU 
be  a  noBiW  of  aeconda  to  be  added  to  the  conected  diatance  when  leaa  thae 
^O^*,  hut  aqbtiaeted  when  above  90^,  tbe  stun  or 'diflerence  will  be  the  true  diatnoee. 


*  iDRtratl  of  findiiw  tbe  nioeii%  hsHionlel  par»IUs  from  the  MsiMiesl  Almsaec  we  ntay  find  tbe  pro. 
portioiMi  l9{rarlthin  tfipreoi'  la  the  same  pace  of  tbe  BMMiia  of  that  woifc.  Thai  If  we  woaM  wotft  at* 
atopic  III.  precrdtng,!!*  tUt  rule,  we  nUfM  ukc  mtt  the  Iocs.  ftlMsMl  ^iiX.  lasMod  0(  Ike  EoA  inr* 
^•yV'aadi*'  and  obtain  bjr  nmns  of  TaUa  XLUMtoaghtlar.  «I88  wMwM  tefeiriag  to  Da. 
hirXXIt 

f  AH  Ibew  coirectlnnt  may  l»  f»un<?  I.\  means  of  Tal  k*  XVII.  XVITI.  and  XIX  T»i-i«;  the  comN:- 
tion  of  TsWe  XVII.  ^obirarKiJ  from  *0  miuui«'s  v  HI  tin-  corrrrl'mn  of  ihe  sUr'c  iiliiin.l*-.  The  cor- 
rection ot  TaMi'  Will.  •■uhTi-a I  t'll  rr;<ni  U>  niinut«>*.  will-ive  ilio  c<Kr«  "  tion  of  iIk'  >.iinV  .illitti-lr.  Tttv 
COrrediuii  ol  T.ihip  XIX.  subtr.ici.d  from  4."  \vill;;iv»-  tin*  rni  i iviioii  ii(  llif  moon's  aliiluJe.  Ptrr- 
haps  the  u«e  of  these  TaMej.  in  ihi-.  inul  ii,  the  ii.llowinp  iiipiIumI.  wonlil  m  t  iiirntivrnkeot. 

1  This  bKarithiii  wn»  fituiid  hrfu  c.  in  calrulniin;*  the  rorreclioa  of  the  nioon*»  altitude. 

9  Ob««rT.nsj  to  lal-c  both  nun»l>ri-  ii  .in  ihf  same  vcrticnl  column  Iinw>  Iw  olwtrrved  lliai  ll»e  nuni- 
\xn  in  Of  of  tht  cuIiitnn*of  Table  XX.  of  thi-  rolleclioii, aw  the  nme  •»  those  of  Tnble  XlX-  of 
tion  I,an4  the  number*  In  the  other  column  diflrr  lU"  (urn  tbe  fonner ;  but  tlK»  numbers  in  tbesMl« 
column  of  Table  XIX.  differ  W  fnm  tboae  la  Table  XX.  ao  thai  in  arine  TaUe  XIX.  edition  Isi.  it  la 
uiAecenory  to  addev  to  tbeeomeilen  of  the  ommo*!  altilndt  and  the  Im  om«Clioai  this  renders 
4lMTable  lather  am  eoOTMlnainlhisssciMdaMibod,  than  Table  XXoTtblseaaeeUMi. 
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EXAMPLE — (the  same  us  Example  I.  pt-ecftUnt;.) 

SuDAose  the  apparent  dtitance  of  the  centre  of  the  moon  Crom  the  »tar  Aldebaraii 
47°  33^  48^,  the  apiMreDt  alHtode  of  the  lUr  S(P  31',  tlie  appwent  altitade  of  Iks 
moonN  centre  70^  47*,  and  the  proportionil  Io;;aritlim  of  the  nioonla  horfimtal  ptniUlg 
5199.   Required  the  true  distance  of  the  moon  firoia  the  star  ?. 

90'    0  90»   0    llnr.  P;«r.  P  Log.  10.5iai 

>  App.  All.        70  47    jf:  Afi  Alt      50  51    1>  Z.  D.  v?"  i3'  iinc  if,  Uefrmc  47" 

]»2eo.|>iit.        19   IS    if.Ztn.m*\.  39  33  IT  64  P- L.  14085 

(  Refraction  ....  9ft 

Osr.  ^AlL   If  M 

JfA.  BM.         <r  94'  Ceortairt  loc.  

1  Zsa.  BM.       M  IS   I  §«ai  83^  r  eMse.    .  .  •   

ic  Zsa.m.      t9  S»   Mil.    «l  94  Hoe    ....  MBH 

Wmk  106  16  RMsmdUff.   MMO  ■ssa  witof. 

4  Sum  58     8     jf:  Zrn.  Disi.  30°  29'  sine    .     .      e.SOM     D  Z.  n.  Dist.  19'  13'  ilnc  r>  5174 

0  Zen.  DUl         19    IS     I  Heiu.  '13  W  co-m-C    ....      a2534    2d   Koin.  13  39  co-tec.  06271 

r  i  K^m  S3    55    a|c  Cor.  0  47    p.  L   2.3«I3    J)  Cor.  IT  34"  P.  L.  I-OlO^i 

Half  »uro  £3    9    1  Gvt.  I  29  P.  L.   3.0621  2d.  Oor.  II  14  P.  L.  0.**'^« 

^ZtaMl.     .as  M  — ^ 

M.  aan;  IS  39  AppaKBlMaiiee    .  •  .  .  47*as'  4r' 

yatcvir.ar  47  S2  51 

•  ■ 

•  O^trrvcted  dMUnce      .  V   Z\  {>. 

CanwdoeTiMeXX. 

Thwdlffcie  47  S4  47  (Uifieriiig  2  '  fitm  the 

former  method. 

^Vft  shall  now  give  a  third  method  of  correcting  Uie  apparent  distance,  being  an  im- 
lirovcment  on  WitcheU's  method,  which  was  pubfished  in  the  Ibrmer  editioa  of  thb 
work.  ThH  improvement  was  madfe  in  consequence  of  a  sugRestinn  from  rj  gentleman 
emincntlT  distinguished  for  his  mathematical  acquirements,*  ^at,  by  a  small  varintion 
la  the  edeuhlioh,  the  number  of  eeaes  mit(ht  be  lessened :  .snd,  upon  examination,  it 
was  found  that  by  makin«j  other  alterations,  the  number  of  cases  m^t  be  farther  dt- 
creesed,  and  the  manner  of  applying  the  correctioas  rendered  more  nnple.  The 
nwCkod  tfnis  lanimed  b  a*  (bUowi. 

Third  mHhod  of  findins;  the  true  dhimee  of  tke  Moan  from  the  Hm  or  Slar. 
Troni  th«  sun's*  n  fraction  (Table  XII.)  take  bis  parallax  in  (lUlle  XIV.) 

the  remainder  will  be  the  correction  of  the  nun's  altitude. 
The  star's  refraction  is  the  correction  of  its  altitude. 

From  the  proportional  losaritlim  of  the  moon*»  horizontal  parallax,  IncreMlng  tfte 
index  by  10,  take  the  co-sine  of  the  moon's  apparent  altitude  (Table  XXVII.)  the  re- 
mainder will  be  the  proportional  logarithm  of  the  moon's  parallax  in  altitude :  from 
wUnh,  avhCrscting  the  moon's  ssfrseOon  (Tsble  XII.)  the  rsmsinder  wMI  he  the  eorrec- 
tkm  of  tte  moon's  altitude,  f 

1.  Add  together  the  apparent  altitudes  of  the  moon  and  sun  (or  .'i(ar)  and  take  the 
Mir  sum ;  sabCrset  the  lesser  altitude  from  the  greater}  and  take  the  half  dtdcrencc ; 
then  add  together 

The  tangent  of  the  half  sum,  , 

The  co-tangent  of  the  half  difference, 

The  tangent  of  half  the  apparent  distance. 

The  sum,  rfjrrting  20  in  the  iudi  x,  will  be  rlje  tnn2:cnt  of  fhc  aii^jlo  \,  \vliich  must 
be  sought  for  in  Table  XXV  ll.  and  taken  out  lesa  than  W-'  when  the  sun's  altitude  is 
less  than  the  moon's,  otherwise  greater  than  9CF.|  The  d^fsrsnse  of  the  angle  A, 
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and  half  Ibc  apparent  ditftunce,  is  to  be  called  the  first  angUf  and  Lbeir  turn  Ihc  secinni 
angle. 

i?.  Add  together  the  tangent  of  the  first  angle. 

The  co-tangcnt  of  the  sun  or  ntar's  npparent  altitude. 

The  prop.  tog.  of  the  correction  of  the  tun  or  •tar's  altitude. 

The  sum,  rejecting  20  in  the  index,  will  be  the  prop.  log.  of  the  first  correctwn. 

Or  the  refraction  (Tublc  corretiponding  to  the  first  aii^c  or  its  supplemcnt|'t\iH 
be  the  fir^tt  correction  nearly  ;  purticulorlj  if  the  altitude  of  the  sun  or  star  be  great,  and 
the  first  angle  be  nt  ar  90  .  ' 

3.  Add  together,  the  tangent  of  the  second  angle, 

The  co-tangent  of  the  moon's  apparent  altitude,  * 
The  prop.  log.  of  the  correction  of  the  moon's  altitude, 

The  sum,  rejecting  20  in  the  index,  will  be  the  prop.  log.  of  the  second  correction. 

'1.  The  first  rorrcction  is  to  be  added  to  the  apparent  distance  when  the  first  angle  Is 
Ipss  than  90^ \  otherwise  subtracted  ;  and  in  the  same  manner  the  second  correction  is 
to  be  added  when  the  second  angle  is  less  than  90^^,  otherwise  subtracted.  B;  applying 
these  two  corrections,  wc  shall  obtain  the  corrected  distance  or  third  angU. 

6.  Add  60'  to  the  correction  of  the  nioon\s  altitude  and  to  the  second  correction  ; 
find  both  these  numbers  in  the  side  column  of  Table  XX.  and  in  either  of  the  vertical 
columns,*  under  the  third  angle,  find  the  numbers  corresponding ;  the  difference  of  these 
tn  o  numbers  %vill  be  a  number  of  seconds  to  ))e  added  to  the  third  angle  when  less  than 
90°,  but  subtracted  when  above  90^,  the  sura  or  difference  will  be  the  true  distance. 

Thus  it  appears  that  the  first,  second  and  third  corrections,  depend  on  the  first,  second 
and  third  angles  respectively  ;  if  either  of  those  ati^ei  be  less  than  90^  the  curresponding 
correction  wUl  he  additive  :  but  \f  more  than  90",  cubtractive.  This  rule  being  uniform 
for  applying  all  three  corrections,  makes  it  more  easy  to  be  remembered. 

EXAMPLE — (the  same  as  Example  I.  preceding.) 

Suppose  the  apparent  distance  of  the  centre  of  the  moon  from  the  star  Aldcbaran 
was  47^  33'  48^,  the  apparent  altitude  of  the  star  31',  the  apparent  altitude  of  the 
moon's  centre  70^  47',  and  the  proportional  logarithm  of  the  noon's  horizontal  parallax 
5199.    Required  the  true  distance  of  the  centre  of  the  moon  from  the  star.' 


D  A  pp.  Alt^  4r 
^App  AltSO  SI 


Sim 


DtflV 


121    18  Hair  Sum  eo«  39'      (an.  10.25003 


20   IB  Half  DiflT.  10     S       cvht.  10.74731 
UalfDist.  29   47       tun.  8.64415 

Angle  A    77     9       tan.  IL.GJlJB 


J  tiller,  is 


1st  Angle  £3  22 
2)cAp.Alt.  SO  SI 
Cor.  j|c  AH. 


Inn.  \0.}2n 
C4)-t.  9.3158 
47"  P.  L.  2.3613 


First  Corr. 


42 


P  L. 


.1053 


Sum    sccjad  Angle  lOO  5B       tan.  10.7140 

DApp.  All.70  47  co-f.  0.5425 
Cor.     Alt.      17'  34'  P.  L.  1.0106 


SeronJ  ror. 


Hor.  Par.  P.  L  105198 
p  App.  All.  TOO  47'  cor.    9J174  3|C  Ref.  47 

ir  64"  P.  L.  1.0025 
f .  

20     ]>  BcrractioD 


17  34    GOT.  1^  Alt. 
Apparrat  Distaoct 
Ki  cor.  add 


2x1  cor.  f  ub. 

3il  Angle  . 
3d  cor. 

Tmv  disunce 


Diir.  2"  from  the  formtr  nieUica. 


47»  33'  48 
42 

47   34  aO 
9  44 

47   24  46 
1 

47   24  4* 


9  44  r.L. 


I.2t63 


If  the  star's  altitude  had  been  greater  than  the  moon's,  the  angle  A  would  have  bccu 
102^  51'.  The  first  angle  in  this  example  is  53-  22'  and  the  rcfractiou  (Table  XU-) 
ruri'csponding,  is  43",  which  Is  nearly  equal  to  the  first  correction. 

JHethod  of  taking  a  Lunar  Ohsen  aiion  by  one  observer. 

Three  observers  are  required  to  make  the  necessary  observations  for  dctermiiiirig 
the  longitude ;  one  to  measure  the  distance  of  the  bodies,  and  the  others  to  take  tb« 
altitudes.    In  case  of  not  having  a  BuflUcieot  number  of  instruments  or  observers  to 


*  Both  Dumber*  mmt  he  taken  from  the  tam«  Trrtirnl  colomn,  as  wm  obu r>'«d  in  lli^  notf  to  tin 

iecrtnd  methtxl.  j\nd  the  Athcr  reitarks  of  llifil  note  am  appVtcoMc  W  tliis  n^etl.cd. 
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tftke  tke  altitudes  it  has  beeu  customary  (o  calculate  them  ;  there  buii^  given  the  la- 
titude of  the  place,  the  apparent  time,  the  right  ateeostons  mnd  the  dedlnations  of  the 
otiimtl  Tbeae  calculations  are  long,  wlMO  an  altitude  of  a  star  is  to  bv  computed, 
and  much  more  so  when  that  of  the  moon  is  required  ;  and  a  roiisiderdblc  degree  of 
accuracy  in  required  in  (lading,  from  the  Nautical  Almanac,  the  inoun'n  right  ascension 
and  declination,  which  must  be  liable  to  ^ome  error  on  account  of  tiic  uncertainty  Of 
the  ship's  longitude.  The  following  method  of  obtainiM;^  those  nltittidcs  is  fur  more 
simple,  and  sufficiently  accurate.  This  method  depends  on  the  supposition  that  the 
•hitudea  iacreaie  or  deereaae  unUbmly. 

Before  you  mrnsurc  the  distance  of  the  bodies,  take  their  altitudes,  and  note  tbc 
times  by  a  watch,  then  measure  the  distance  and  note  the  time  (or  you  may  measure 
n  mndier  of  dialaaces,  and  boIo  tfie  eorresponding  times,  and  take  the  mean  of  oN  Ike 
rtliftT  and  distances  for  the  time  and  distance  respectively) — after  you  have  measured 
the  distances,  again  measure  the  altitudes,  and  note  tiie  times  :  Then  from  the  two 
obeerved  altitudes  of  either  of  the  objects,  the  sought  altitude  of  that  object  may  be 
found  in  the  following  mtnner  : 

Add  together  the  proportional  logarithm  (Talilr  XXII.)  of  the  variation  of  altitude* 
of  the  object  between  the.  two  times  of  observing  the  alliluUes,  and  the  prop.  \oz.  of 
the  tine  etepaed  betwoen  taking  tke  ftrst  altitude  and  nMosurn^  the  diatance  ;  from 
the  sum  subtract  the  prop.  log.f  of  the  time  einpsrd  b«  f  men  observing  (he  tno  .iltitudes 
of  that  object ;  the  remainder  will  be  the  prop.  lug.  of  the  correction  to  be  applied  io 
4lM  Ant  ahltode,  odditive  or  pditaracjUve  eccording  aa  the  altitude  was  incrcasiiu;  or 
decreasing  ;  to  thr  Jtitude  thui  tfoneeted;  apply  the  eorrectkni  for  dip  of  thekodioa 
and  aemi-diameter  aa  uauaU 


EXAMPLE. 


*^M|ipo9e  the  distances  and  altitudes  of  the  sun  and  moon  were  obsenrd  rs  in  the 
tuUowiog  Table  :  It  is  required  to  iind  the  altitudes  at  the  time  of  mcasuriuc  the  mean 
"  1 


4  SO 

4  m 

epo-  01" 

0  ao 

1  10 

46  6  ^ 

10 


ft'sL.  L. 
SI  90 


«4 


ao 


Var      D  's  lUl- 
Tinve        oim  ^ 
Mciii  uIjs.  of  dirt. 


or 

2h.  2'  0" 
S    4  30 


JDUTcreaca 

El^^  doM  bstwwB  the  I 


of  all. 


lAdkafi 


F.I. 


3  30  t.L. 


7233 1  V'nruition  S)'»H]i,  • 
I  Timr  l»(  ouk.  »uu 
i  Tiiuo  mean  oin. 

I  _ 
i.&373|  UilTereaca 

1  1  Sum 

1 

bUlMfd  lime  betwwa  Uic 


Oorrecilatt  of  all. 

Sob.  from  »un'i  Id.  alt. 
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Thus  at  the  time  2h.  4'  30",  the  mean  ohserred  distance  of  the  sun  and  moon's  near- 
est limbs  was  40^  C  40",  the  altitude  of  the  moon's  lower  limb  1?W  6',  an'I  the  iltl'udf 
of  the  sua*8  lower  limb       50' ;  tbeae  altitodea  must  be  corrected  for  dip  uud  seui- 


•  TMHeaDOLlaMrilra 
Met  MiarihaiBMeiillh 


•hUniic  tMkm 
t  Oraddtle 


ilPfreM  awl  flriaaiesi  aad  iha 


celcttlatedM  (krasS^.  sadlf  theiaileitaeaf 

■aiaaw  and  ««con<1i.  Instead  «<f 
eaaad  iiecon<l<  must  itr  calkMl  <lef  re««  and  mlnulcs 
^•mffkxuevt,  negltcUof  tO  Io  the  indei  of  tke 

'  A  B 
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IntytntmwllmoftMiobtaiDedthealtttttdMinmvdileMtiBM  Uitn  they  cwdd 
hftve  been  obtained  by  otbcr  calculuUons. 

The  same  method  majr  be  used  for  finding  the  Min*«  altitude,  when  taking  un  azimudi, 
bj  notiog  the  tinea  of  taking  the  db&ktimoo»  fef  ft  wfttcb,  and  taking  two  altitudoa, 
tM  OM  htiCun,  the  «Ckar  allir  the  obaervadoB,  and  impottioiiiBg  the  ftlUtndAa 


Aaf  ptnon  who  wiabea  to  caicaialc  stricUj  the  apparent  altitudes,  may  proceed 
cvding  to  tke  ftiEowiag  nkak 

The  ypparmt  time,  the  ship**  latitude  and  UmgUude,  and  the  suti's  dediiuiiion  gisenf  tofwi 

the  aooamat  aUUnJa  tf  Ala  esMlM. 

RULE. 

With  the  apparent  time  from  noon,  enter  Table  XX I  If.  and  from  the  column  of 
rising  take  out  the  logarithm  corrc^pomling,  to  which  a<ld  the  tog.  co-sine  ftf  the  latv> 
tude,  and  the  log.co-»int  ul  the  ^un  ^  dtc  lination  ;  tl)ei^^um,  rejecting  20  in  the  index, 
WHI  be  the  logarithm  of  ft  natural  number,  which  being  bubtnctid  from  the  natural 
co-sine  of  the  sum  of  the  declination  and  l.ititude,  when  they  arc  of  different  nume*, 
or  the  natural  co-sinc  of  their  ditkreuce  wittn  uf  the  »ame  name,  will  leave  the  nalu> 
ral  sine  of  the  sun's  true  altitude  at  (he  given  time.  The  rcfreetioii  kaa  pftTftUftft  htia§ 
ftdded  to  the  true  altitude,  will  give  the  npparfnt  altitude. 

In  general  it  will  be  near  enough  to  take  out  the  refraction  oulj  from  Table  XII.  and 
acgleet  the  ponUfts. 

EXAMPLES. 

Beifuired  the  tnic  altitude  of  the  sun's  centn,  hi  Iftt  49^  67*  N.  and  hwf.  71^  W. 
Jil^     1880,ftt  6b.  66m.  30s.  ia  the  nocning^  eeftftccount  t 

H.  M.  S. 
12  .)  0 
6  d6  30 


«   ft  »  ilsfc«.ioeol.  efrWiV  4>S7tM 

4B  M  or.  iisliv.e»«tae   

Ift  96  ON.  MstoC* 


ML  oomber  48dt  III  log.BMmi 

80  SI  BBt  co-cine  >614l 

i.^'^  <S'  tM.  tim  40276 

EXAMPLE  IL 

\\*hat  will  be  tbr.  true  altitude  of  the  sun's  centre  in  the  latitude  of  39*^  20'  N.  and 
the  longitude  of  40"  SO'  W.  ^evelBber  86^  l@SOy  at  ah.  21m.  30a.  apparent  time  in  the 
afternoon,  sea  account  7 

H.  M.  8. 

LSStade  aa  »  OH.  lofToMlBa  .  

»  «  OS.  kff* 


nat.  nurnber  mOi  IMf^  b44I1 

Son  60  12  iMt.  co-tioc  laVf 

TnM  ah.        *     IS  9C  oac  riae  2S516 


Ha 


tffumt  tim,  lAe  UttMt  md  longitude  gtocn,  to  fatd  the  apparent  ettiludc  ^  ft 

RULE. 

Turn  the  hmgitwte  iolo  ttea,  and  add  it  to^  or  aubtnct  it  firoBa,  the  appanat  tiifta* 


*  The  ■pfBlWi Oma awaa  leiikCB(ssasaB])aMaBy  Ins  tbsntbe  tea  accMMM. sad  UMboanBMBl 
I  leckDUd  ft—  aawia  — eafai  amntriqil  mfeesdeii  from  i  to  84.  It  owy  •lsnlwalMer*«l,lkatlf  Aa 
'  niiabcdwMiedafaooBK'tcr,  refrulairtt  lo  metm  Grreimicb  tln)e,lbto  jwrt  of  tbcopmtto 
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■t  the  ship,  according  M  fht  loBfilade  It  west  or  Mil,  tbe  mm  or  4Hfawmt  wOl  bt  tk« 

time  at  Ureenwidi. 

Find,  in  the  N'mitietl  Ahmame,  tbm  mm*»  right  tteeMion  for  (ha  mod  preceding  the 

time  tt  tiret-rmrich,  and  add  thcrpto  the  correction  taken  from  Table  XXXI.  corrM* 
ponding  to  tbe  hours  and  minutes  of  the  time  at  lireenwtcb,  tbe  lum  will  be  the  sunV 
right  atcension,  which  being  added  to  the  apparent  time  at  the  ship,  will  gi?e  the  right 
•ieension  0/  ihe  meridiant  r^ecting  24  houm  when  the  sum  exceeds  24  houn. 

Find  the  star's  right  ascension  and  declinntion  in  Table  V IM.  for  the  year  I8SO,  and 
correct  them  for  tbe  years  elapsed  since  that  time,  by  mcann  of  tbe  annual  variation* 
given  in  the  same  table*  and  you  wHI  oMidB  tbe  atar^  right  Moeoiioii  and  decttnttioo  mt 
the  time  of  <Asf nation.* 

Tbe  diffsrence  between  the  star's  right  ascension  and  the  right  ascension  of  the  raeri- 
ibui,  wHIbe  He  dlifirt  fflAe  iUrfrom  tk»  merUUm, 

Find  in  the  column  of  rising  of  Table  XXIII.  the  1of:arilbm  conrcspondinjj  to  the 
•tar's  distance  from  tiie  nMridina,t  and  add  thereto  tbe  log.  co-sine  of  tbe  latitude  of 
ffce  ship,  and  tbe  log.  co»dne  of  the  decHnttloii  of  fSm  atar,  tbe  sum,  rejecting  20  hi  ttw 
index,  will  be  the  logarithm  of  a  natural  number  (Table  XXVI.)  wliich  subtracted  from 
the  natural  co-sine  (Table  XXU .)  of  the  s\tm  of  the  declination  and  latitude  when  of 
different  names,  or  the  natural  co-sine  of  their  ditfercnce  when  of  the  same  name,  will 
leave  the  natural  sine  of  tbe  star's  tnu  altitude.' 

The  raflractioa  being  added  to  the  true  altitude  wUI  give  the  ^pjMrcnl  altitadn. 

EXAMPLK. 


Wliat  was  the  nppnrrnt  altitude  of  Aldcbaran,  at  Philadelphia,  ifril  It,  ISM^  M» 
aaeount,  at  5b.  97m.  18s.  in  the  afternoon,  apparent  time  ^ 

In  TaUe  Vin.  the  right  aaeeoaion  of  AMobana  for  ld20,  is  4b.  25m.  S6e.  and  Iba 
variation  for  3J  mont)i!<  i*  1'  to  be  added  l>ccau'<c  the  time  is  aAer  1820;  henee  the 
rnbt  ascension  at  tbe  given  time  4b.  25m.  The  declination  of  the  star  for  1820  is 
1^  8r  N.  ita  vaiiatloii  Ibr  S|  aanlbt  being  neglceted. 

H.  M.  a. 

Apparent  tine  by  N.  A.  April  11,...  5  57  18 
-         '  75oyW.   6  0  36 

at  Greenwich,  April  11   10  57  54 

C's  R.  A.  April  1 1 ,  at  noon,  by  N.  A.     1  19  28  ' 
Var.  for  lOh.  57'  54"  by  Table  XXXI.         1  41 

^'s  It  A.  at  time  ofobs  1  21  9 

Apparent  time  ••••    5  57  18 

n.  A.  Mrr   7  IS  27 

A.    4  85  37 

dist  from  merid  . . .... ... ...    t  M  M     ltak«.iBeeL  rieing  4.48S18 

LatHude  of  Philadelphia  39*^  ST  N.  ^  co^c....  9.^57 

decimation  16     8  N.  co-aine....  9.98255 

nat.  nnmber      19966  Hi  Im, 
Difference   23  49     nat.  co-aino  91484 

True  altitude  4S  39    Batiiiia  7IU8 

Refraction  ••••«••.••••  1 

Apparent  allitade  45  40 


*  If  anr  of  the  24  bngbl  sUirt  we  Hsed,  wbow  rifhl  MBWian  ernsrtk  Witf  tUtMCM  ars  dm  fcr 
i-ff-Tj  10  dnvf  in  tW  ymr  in  the  NaMiMl       --nr  TTB  fli  iriMataftiimll  hviMpeeilos  lha  rMn«BM>  * 
sio», and  ctedtocs^dc^        fnm  Iba |rtag  'Iwaan^^rril  ibr  ffiT*-a  ibaaTiaiiil bw^QMsa  m 


t  If  th«  dliiaaoetoiBlhe 
toMeXXUI. 
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The  egtparaU  Ume,  mut  Uu  latitude  mtd  lomgUudt  nf  the  ship  given,  4o  find  the  amMreni 

Turn  the  longitude  into  time  (bjr  Tabic  XXI.)  and  if  in  west  longitude  add  it  Jo,  but 


la  east  ktngitiide  »iibtract  it  Crom  the  afpuent  tine*  at  tbe  ehip,  tbeaomerdMef^ 

will  be  tlie  time  at  ^'rtenwicli. 

Take  the  6un'«  right  ascension  out  of  the  A.  for  the  preceding  noon  at  ureen> 
wieb,  and  add  thente  the  eorraetkm  taken  fron  TkUe  XaXI.  eorreepofidJnf  to  tiw 

hours  and  minutes  of  the  lime  at  (mM-nwirh,  the  Mim  will  Ih:  tlic  sun's  right  ascension, 
which  being  added  to  the  apparent  time  at  the  ship,  wili  givb  the  right  aMeoMoa  of 
the  meridian,  rejecting  i4  honn  when  the  turn  weeeda  34  houn. 

Take  from  the  N.  A.  the  moon's  right  ascension  and  declination  for  the  time  imme- 
diately  preceding  and  following  the  time  at  Grccnn  icb,  and  proportion  for  the  time  at 
Ureenwieb,  by  means  of  STabk  XXX.  and  you  will  obtain  the  moon's  right  ascension 
tod  dcclinatkNl  at  the  time  of  obserration. 

Turn  the  moon's  right  a9cen^ion  into  tinu:  (by  Table  XXI.)  and  the  difference  be- 
tween that  time  and  the  right  aicension  of  the  meridian,  will  L«  the  moon's  distancct 
from  the  meridian;  with  which  enter  table  XXIII.  and  take  out  the  corresponding  lo- 
garithm from  the  column  of  rising,  nml  tl:»  i(  to  tl)c  log.  co-sinc  of  the  hiitnde  of 
the  ship,  and  the  log.  co-sine  of  the  dco4niaiton  of  the  moon,  the  sum,  rejecting  2U  in 
the  Index,  will  be  the  logarithm  of  a  nattural  number  (1>ble  XXVI.)  whieh  nibtraeted 
from  the  n!.tur.\l  eo-sitit  (Table  XXU'.)  of  the  stun  of  the  decltoatiofi  and  latitude  when 
of  diflerent  names,  or  the  natural  co-sinc  of  their  diflerence  when  ot  the  same  name,  will 
iMie  the  natural  idne  of  the  moon's  true  altitude  ;  from  which,  mbtracti^g  the  eorreetfaM 
conMpoadlmto  the  akitade  in  Table  XXIX4  there  win  reronin  the  e/jwrtnf  altitnde 
hmvIj* 

EXAMPLE. 

What  wa<;  tbe  nim)n*<(  nppnrent  uUitude  .\pril  29.  1820,  sea  acCOVnt,  n|  7h*  Ste*  fiSi* 

P.  M.  in  lat  4i  34'  S.  long.  65^  7'  3U  '  \V.  from  Greenwich  ? 


H.  M  S. 

  7^  5J  69 

Loag.es^TWW.  in  tfane   4  flO  30 

App.  time  at  Greenwich  •••  •  18  16  8S 


April  29,  sea  account  is  April  2S  bj  N.  A.  at  ....  •   ^  5J  dS 

Lome.  65*^  r  30'  W.  in  tfane  . 


Sun's  Rt.  ascen.  April  28,  at  ISh.  16^  SS**  P.  M.  bj  N.  A  •   2  24  44 

Apparent  time  at  the  ship  ••••••••••   7  65  5S 

Right  ascension  oftbe  OMrMlaii   10  20  36 

>  *•  ii|>t  aseeoiioo  in  time   14  48  20 


>*s  distance  from  the  meridian                                                  4  97  44 

CoRMDoading  to  which  in  the  coL  log.  rising  is   4.78404 

Uttola  4to  94f  8.                                         eo^iM  9.86717 

^'kdBcUMMte...  to    0  8.                                         OMtea  9.97899 


natmnn.    48098  lee.  4.68490 

Mbnnee   88  34         mL€tHu»  98349 


*stnMalt  •••••  30*10  nat.  siat  90811 

nUe  XXUL  48 


9  >sApp.  alt.          29  22 


•  Tfca  a|lparent  tioie  Is  to  tw  eoanted  from  noon  to  noon,  «»  dirfctH  in  the  preceding  notr. 
t  Wbtn  tb* dManet ascwds  I2h.  ma  mutt  enter  t«h)p  XXIll.  wiih  th*  diflerrnce  t)(>twe«>n  tbsl  di^ 
Unoe  MKi  24  bourt. 

-J-  ^  .y*'^*"?'.      ought,  of  lhi«  correetktB,  to  twe  ^tlM  corrvctlea  ef  tkt  moon'd  slrilattf,  ««rv 

asipsediegto  nw  eppeMeteMaiileeMt  hartmrnidninHRB. 
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TO  vmD  vii£  uoamvim  nr  bgupsu.  hi 

To  find  the  Longitude  bp  Uu  EclifMteM  of  Jujnin  'i  Satellites, 

The  efllp'</'s  of  (he  satellites  »re  given  In  page  111.  of  the  mootb  of  the  Nautiml 
Almanac  for  mean  time  at  Greenwicb.  There  aie  two  kinds  uf  these  eclipaes — an  im« 
mmkmt  demtfi^  the  fosttat  of  the  disap|>eartnce  of  flie  aktelHte  by  entering  hrto  the 
flhadotv  of  Jupiter,  and  anEtmruonf  orthi  mutant  of  the  appearance  of  the  sattUitc  in 
coining  Ijnom  the  abadow.  'i  be  unoeniDM  and  emenioiu  geaerally  happen  when  the 
aeteHite  It  et  some  dirtaace  from  the  body  of  Jupiter,  except  near  the  oppositiott  of  ia- 
piter  to  the  sun,  when  the  aatellite  qipioacltes  near  to  bis  bodjr.  Before  the  opposition 
thejr  happen  on  the  ircut  side  of  Jupiter,  and  alVr  the  opposition  On  Ihe  catt  side  ;  but  if 
an  aatrouomiral  telescope  is  used  which  reverses  the  objects,  the  appriruncc  will  be 
dfaectly  the  contrary.  The  configuiatiQiu,  or  the  positions  in  which  Jupiter's  satellitea 
appear  at  (Greenwich,  are  laid  dowa  Cfoy  aif^i  when  fiHble,ia  page  Xll.  of  the  BMmth 
ol'  the  Ndutical  Almanac. 

As  tbeae  eetifMee  htppvn  ahMit  ialy,  they  alM  tie  aieet  ready  weaiie  of  deloi^ 
mining  the  longitude  of  places  on  land,  and  might  also  be  applied  at  see.  If  tlj«  obsenra- 
twns  could  be  taken  with  aufficieot  accuracy  in  a  ahq)  under  aait^^wbteh 


•iace  tha  loaet  BMNioa  if  a  tileacope  vWoh  ■^piiim  mmdmOj  to.i 
rations,  would  throw  the  objects  out  of  the  AeM  of  view. 
As  tht':,*  edipsea  are  given  in  the  Nautical  Almanac  in  mean  time,  it  is  neceeaaiy  to 
r^ulat*  your  watch  to  mean  time  ;*  this  is  easily  obtained  from  the  apparent  time  by 
appiyiiig  to  the  latter  the  equation  of  time  taken  from  the  Nautical  Almanac,  by  adding 
or  siibtrat'ting  according  to  the  directions  in  the  column  from  whence  the  equation  waa 
taken  ;  hence  the  error  of  a  watch  with  respect  to  roran  tiino  may  be  ascertained. 

The  watch  being  thus  regulated,  you  must  then  find  nearly  the  time  at  which  the 
fCli|WP  will  begin  at  the  place  of  ob^enation  ;  this  may  be  done  as  follows  :  Find  from 
the  Nautical  Ahnanuc  the  tunc  of  an  immersion  or  emersion,  and  apply  thereto  the  Ion* 
gimie  turned  into  time,  by  adding  when  te  eaal,  but  subtnwting  when  ia  weet  longitude, 
the  sum  or  difierence  will  be  nearly  the  mean  time  w  hen  the  eclipse  is  to  Ik*  obsened  at 
the  given  place.  If  there  be  any  uncertaintjr  in  the  loogitude  of  the  place  of  obeervatioa, 
Tou  roust  begin  to  look  out  for  the  ecHpae  at  an  earlksr  period ;  and  when  the  oclipee 
begins,  yon  must  ^ote  the  time  by  the  watch,  and  after  applying  the  correction  for  the 
error  of  the  watch,  if  there  be  any,  rou  will  have  the  mean  time  of  the  ecUnse  at  the 
■faweofobiamrtioD;  thedifleiepeebetiieentUa  aildtiwiiMte1heNa»CiedlAhnnar, 
M^g  tufoad  iiH»  dfliicea,  iHi  ha  tha  loBgMa  llm» 


Suppose  that  on  the  iLl»t  of  August,  18itO,  sea  account,  in  the  longitude  of 
1170  5y  by  McooDt,  an  hamanionor  tin  int  SatalHla  of  Jwplltr  was  ob- 
tarradat  lb.  ltiii.8ta.P.M.nBaantinia.  ReqiM  tin  lo«gnna«f 


B|f  N.  A.  imaenkin   Aug.  20Ui.    15b.  47'  58" 

^ohMnr.Ang.Sl,aaaaeeoua«,orhf  N.  A.   Aag.nih.     7  it  38 


Longitude  in  time   8    35  20 

irbkb  tamad  iaio  dcgiaaa  givae  lWBf>  5<K  W.  Ibr  the  laBgHada  oT  lha  plaea  af  ohaer- 
niioa. 

7\>  /mf  Uke  Longihtie  hy  EcHptt  of  (kit  thm,  . 

The  determination  of  the  longitude  hy  an  eclipse  of  the  mom  ia  perform- 
ed bv  comparing  the  times  of  the  begijiiiing  or  ending  of  the  admae,  as  also 
tibe  anat  imD  any  number  of  dlptta  ara  eclipsed,  ornmi  tba  aaitii'h  ibadow 
ba^ns  to  touch  or  leave  any  remarliable  spot  oa  tlie  n^oon's  face ;  the  differ- 
ence of  time  !u>tween  the  like  observatinns  mnde  at  different  placaa,  tUHMd 
into  degrees,  will  be  the  difference  of  longitude  of  those  places. 

When  the  beginning  or  end  of  an  eclipse  of  the  moon  ia  obaerrad  at  ai^ 
plaea,  tin  hwgteBla  of  tbat  place  may  baaailyfiw 


Uk   TO  FIHD  THtf  LOmrrUDE  BT  A  CHB^NOMmsft. 


of  observation  with  the  time  given  in  the  Nautical  Almanac,  for  the  diffeiv 
ence  between  the  observed  time  of  beginning  or  ending,  and  the  time  given 
hi  the  Nautical  AUnanaevWill  be  the  ship's  longitude  in  time,  which  may  be  • 
turned  into  degraes  by  Table  XXI.  Thus  if  tn«  beginniog  of  an  eclipse  of 
the  moon  was  observed  March  30,  1840,  sea  account,  at  9h.  595m.  the 
time  by  the  N.  A.  being  March  £9  or  March  30,  sea  account,  at  5h.  16|m. 
their  diflference  4h.  43m.  is  the  longitude  of  the  place  of  observation =70O 
49',  which  is  eait  ftpm  Sreenwidi,  heeauae  the  time  at  the  place  of  obaerra- 
tion  ia  greateat 

Ho  Jmd  the  Longitude  by  a  perfect  time-keeper  or  chnmomiter.* 

It  was  before  obaeired,  that  if  a  chronometer  could  be  made  in  so  perfect 
e  manner  as  to  move  uniformly  in  all  places,  and  at  all  seasons,  the  longitude 
might  easily  be  deduced  therefrom,  by  comparing  the  time  shown  by  the 
chronometer,  regulated  to  the  meridian  of  Greenwich  (or  some  other  known 
meridian)  with  the  mean  time  at  the  place  of  observation.  For  the  difference 
of  ihv<o  times  would  be  the  difference  of  longitude  between  that  meridian  and 
the  place  of  observation.  The  moderate  price  of  good  chronometers  now, 
in  comparison  With  their  values  many  years  since,  together  with  the  Tarioua 
improvements  in  their  construction,  have  caused  thia  method  of  determining 
the  longitude  to  be  much  more  used  within  a  few  years,  than  it  was  when  the 
first  editions  of  this  work  were  published :  we  shall  therefore  explain  more 
fully  tlie  use  of  this  instrument,  and  the  methods  of  regulation. 

If  a  chronometer  te  to  beuaed  on  iToyage,  it  must  be  adjusted,  and  ito 
rate  of  going  ascertained,  before  salBng.  This  may  be  done  by  taking  alti- 
tudes of  the  sun  or  some  other  heavenly  body,  and  finding  therefrom  the 
apparent  time  of  obsenation,  by  any  of  the  methods  before  given  in  pages 
IM— 161.  To  this  time  must  be  applied  the  e^fuaikm  of  naie,  found  hi 
.page  II.  of  the  month  of  the  Nautical  Almanac,  or  in  Tahk  IV.  A  (reduced 
to  the  moment  of  observation  by  means  of  Table  VI.  A)  by  adding  the 
equation  to,  or  subtracting  it  from,  the  apparent  time,  according  to  the 
directions  f^en  in  or  at  the  top  of  each  column  of  the  table,  the  sum  or 
difference  will  be  the  mean  time  of  observation,  bidng  the  same  time  as  would 
be  shown  by  a  chronometer  whose  motion  is  perfectly  uniform.  Comparing 
this  mean  time  of  observation  with  the  time  by  the  chronometer,  shows  how 
much  it  is  then  too  fut  or  too  tlow  for  the  meridian  of  the  piece  of  obser- 
vatlOB;  and  by  repeating  the  operation  on  a  future  day,  the  rate  of  gmog 
may  he  ascertained.  If  it  is  found  to  gain  or  lost  a  few  seconds  or  parts  of 
a  second  per  day,  that  allowance  must  \h\  made  on  all  future  observations 
at  sea.  Thus,  if  on  the  1st  of  June,  18i4,  at  Oh.  10m.  20s.  by  the  chronome- 
ter, the  fiM«i  time,  deduced  from  an  obiMMrvatioo  of  the  8un*s  altitude,  was 
5h.  ISm.  40s.  the  chronometer  would  then  be  too  slow  by  the  difference  of 
those  times  2ra.  20s.  and  if  on  the  21st  of  June  following  the  time  by  the 
dironometer  was  4h.  15m.  d5s.  when  the  mean  time  was  4h.  18m.  178.  the 
chronometer  would  then  be  too  slow  bj  the  difference  of  those  times  or  tm. 
4is.  and  the  rate  wmdd  have  varied  in  tO  days  from  fm.  £0s.  to  £m.  4is. 
widch  is  a  difference  of  22  seconds  in  20  days,  being  IjV  seconds  per 
day,  and  this  rate  must  he  allowed  on  all  future  observations  at  sea,  until 
a  new  regulation  can  be  obtained,  at  some  place  whose  longitude  is  known. 
It  b  best  to  haTe  a  considerable  mmber  of  days  interral  ^tween  the  two 
observations  for  flxhig  the  rate,  by  which  means  it  may  be  determined  to 
tenths  of  a  second,  the  absolute  error  of  the  observations  being  reduced  in 
findiog  the  daily  rate,  by  dividing  by  the  number  of  days.  Thus  if  the 
above  difference  of  ift  seconds  had  been  erroneous  te.  and  the  true  value 
tOa.  the  daily  rate  would  be  ont  second  instead  of  Is.!,  varying  only  one 
tenth  of  a  second,  notwithstanding  the  observations  on  which  the  rate  wat 
established,  contained  an  error  of  2  seconds. 
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Having  regulated  a  chronometer,  in  the  nwinncr  first  mentioned,  at  a  place 
whose  iougitude  from  tire«iiwicti  is  known,  it  is  easy  U>  find  how  mucfi  it  is  too 
Aat  orcooikiw  fortli«  mciMian  of  Oreeinricli,by  alloiHiic  for  the  diferaneo 
of  meridians.  Thus,  if  the  above  mentioned  observation  of  June  1,  was  made 
in  place  in  74<^  west  longitude,  corresponding,  in  Table  XXI.  to  4h.  56m.  the 
chronometer  on  that  day  would  be  too  Klow  fur  Greenwich  time  by  the  siim 
of  4h.  Mm.*  and  tm.  Ms.  or  4li.  SSni.  fOs.  In  general  it  will  be  full  as  simple, 
when  thus  regulating  a  chrooometer,  at  a  place  whose  longit^e  is  known,  to 
reduce  at  once  the  mean  tune  at  the  placp  of  obs«'rvation  to  the  meridian  of 
Greenwichf  by  adding  the  longitude  if  yie^t,  ntbtracting  if  east,  the  sum  or 
difference  will  be  tiie  mscn  time  of  obsenration  upon  the  meridian  of  Green- 
wich* Che  diffiNrence  between  this  and  the  time  given  by  the  chronometer, 
shows  how  much  it  is  too  fast  or  too  slow  for  Greenwich  mean  time.  Thus  by 
adding  the  longitude  4h.  56m.  to  the  mtan  lime  of  the  above  observation  5h. 
ISm.  408.  the  sum  lOh.  8m.  408.  is  the  mtan  time  at  Greenwich,  from  which 
aubtracthig  the  time  bv  the  chfoiiomoter  dh.  10m.  fOa.  tlw  rswainder 
4h.  58m.  £0s.  is  whit  m  chroDameter  h  too  slow  for  Graenwic^ 

was  found  before. 

The  chronometer  having  been  thus  regulated  to  Greenwich  time,  and  tiie 
daily  rate  of  its  goin^  aseertained,  if  thb  rate  should  remain  unaltered,  the 
time  at  Greenwich  will  be  known  by  it,  at  any  moment  at  sea,  and  if  at  that 
moment  by  any  observation  of  the  sun,  moon,  planet  or  a  fixed  star,  the  ap~ 
fan$U  time  be  found  bv  any  of  the  methods  explained  in  pages  154—161,  and 
tlio«efl»timeatthesDfa»  deduced  therefrom,  by  applying  the  etjoation  of 
lillie,  as  above  eifUMM,  then  the  diflference  between  this  mean  time  at  the 
ship,  and  the  mean  time  at  Greenwich  shown  by  the  chronometer,  will  be 
the  longitude,  which  may  be  turned  into  degrees  and  minutes  by  Table  XJU. 
Wo  iImII  oiplahi  by  a  few  oxamplei  the  precodfaig  remarks.  • 

EXAMPLE  I. 

Wiahing  to  regulate  a  chronometer,  in  a  place  whose  latitBde  is  51^  SO'N. 
and  loogitade  114^  E.  from  Oreenwieh,  I  obaenred  Oct  10,  ltt4,  at  Ih. 

Sim.  A.  M.  sea  account  per  chronometer,  the  altitude  of  the  sun^s  lower 
limb,  by  u  fair  observation  13*^  32',  the  correction  for  semi -diameter,  parallax 
and  dip  being  12'.  It  is  required  to  find  the  errror  of  the  chronometer  for 
mum  tune  at  Qroenwich  t 

Tlie  apparent  time  of  tills  obsenration,  computed  as  in  Example  I.  pafa 
158,  is  8h.  7m.  9s.  A.  M.  corresponding  to  Oct.  9d.  20h.  7m.  Ss.  by  the  Nau- 
tical Almanac.  From  this  subtract!  the  longitude  114^  turned  into  time 
7h.  S6m.  by  Table  XXI.  the  remamder  Oct  9d.  lib.  Sim.  9s.  is  the  u^/pa- 
rmt  time  at  Greenwich.  Now  by  Table  IV.  A,  the  equatioD  of  time  for 
'  Oct.  9d.  at  noon  is  t%tb.  12m.  44s.  with  a  daily  increase  of  IBs.  and  this  in 
Table  VJ.  A,  under  16s.  and  opposite  to  12h.  31m.  9s.  gives  9s.  to  be  added 
to  ISUn.  44s.  (because  it  is  iocreasing)  the  sum  12m.  Sds.  is  the  equation  of 
lime^  which  by  the  table  itsobtractiTe  from  the  onNirmt  timeat  Qreaawich 
Oct.  9d.  ISh.  31m.  9s.  tb  obtldn  the  mean  time  at  Greenwich  Oct.  9d.  12h. 
18m.  1j6s.  If  the  mean  time  at  the  o/  observation  is  required,  it  would 
be  found  by  subtracting  the  equation  of  time  12m.  538.  from  the  apparent 
limB  at  the  place  of  irtMervatfon,  8h.  7m.  9s.  and  it  woold  therinie  be 
7h.  54m.  lOi. 

£XAMPL£  U. 

May  10,  1824,  atSh.  39m.  P.M.  sea  account  per  chronometer,  in  latitude 
39O  [,4',  in  a  place  whose  longitude  was  known  to  be  17*^  30' E.  from  Green- 
wich, the  altitude  of  the  sun's  lower  limb  by  a  fore  observation  w  as  15^^  45'. 
the  correction  for  dip,  parallax  and  semi^diamciter  being  If.  It  is  required 
to  find  the  error  of  the  chronometer  formeao  thneatGreonwklit  and  a|  the 
place  of  observation  I 


•  If  U»*  loncllude  had  lx»eD  Mv-,t,  It  would  1  1 1 1  III  I II  leiHUdlTt 
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tf4    to  F1in>  fffllK  LONMTODK  SV  A  CUftONOIMlHR. 

The  apparent  rime  of  this  observation,  computed  as  in  Example  If.  page 
156.  is  May  96.  bh.  S4m.  £ft8.  by  tiie  Nautical  Almanac.  From  tiiis  sub- 
tract' the  longitude  17<^  S<r,  toned  Into  time,  Ih.  lOm.  by  Tibie  XXI.  the 
inmniiiJir  VUy  Qd.  t4m.  Ms.  is  the  appartnt  time  et  OresnwiclBk  Br 
Table  fV.  A,  the  equation  of  time  for  May  'M\\.  at  noon  is  sub.  3m.  18s.  with 
a  daily  increase  of  3s.  and  this  in  Table  VI.  A,  under  3s.  and  opposite  4h. 
S4iii*  i68>  is  Is.  which  added  to  3m.  4tis.  (because  it  is  increasing)  gives  the 
e^netlon  ef  tine,  st  ^  nMneiit  ef  otemtkNi,  milh  9m.  40s.  SubtrMsting 
this,  acconling  to  the-direction  hi  the  tM^ihamHh^  apparent  time  at  Green- 
v  il  li  May  9d.  4h.  24m.  26s.  leaves  the  mem  time  at  Greenwich  May  4h. 
20m.  .iTs.  Subtractinfi^  the  same  <*<]uation  3m.  IDs.  from  the  apparent  time  at 
the  place  of  observation  5h.  d4m.  26s.  gives  the  mean  time  at  the  place  of 
fbiervsAioB  ib.  MOi.  STe.  The  difference  beffivreD  tlie  mean  Uneet  Green* 
Wich  4h.  30m.  37s.  and  thetlBie  by  the  chronometer  5h.  SOm.  h  lb.  9m. 
wUeh  is  tbe  time  the  chronometer  is  too  fast  for  Greeovfich  «iean  time. 

EXAMPLE  III. 

'Suppose  that  Jaly  S7, 18t0,  soft  accouit,  tlie  apparent  time  was  fiMmd  by 
an  amtude  of  tbe  son  to  be  Ih.  5'  8"  P.  M.  when  by  a  watch  well  regulated 
to  >nean  QreeniHdi  time,  the  time  was  4h.  9  8*  F*  M.  Required  the  iong- 

ttudt? 

*  g^^mi^'^  ••••••  lb.  5'  9f 


Mean  tioM  at  place  of  obMrvatioB  1    11  16 
psrwalsh... 4    S  8 


•  ■ — "    

^  Diflereace  in  k>i^  ...•«  S   51  52=M2^  58^  W.  the  longituiis 

being  wcsc,  beesiise  Ihe  thns  at  Gieenwicb  is  tbe  grsatest. 


Suppose  that  May  14,  1820,  sea  account,  the  apparent  time  was  found 
by  an  altitude  of  the  sun  to  be  4h.  3'  5"  P.  M.  when  the  time  by  the  watch 
was  ih.  p.  M.  the  watch  being  too  slow  for  mean  Greenwich  time  11'  *y. 
Required  the  longitude  t 

Apparent  time  4b.  3'    5"  Time  per  watch      8h.  0'  0" 

Bi^atioa  of  tine  snh.   S  56  Watch  error  add       11  9 

Ifean  time  at  pkce  of  obsen .  3  59  9r.ii.  Tiaie  at42ieeawieh  2  11  9r.ii, 
Time  atOreenwich   2  ll  9 


MUeiOBce  e(  loagitads..  1  48  8— IT^O'B. 

BZAMPLE  v. 

Suppose  tliat  on  Jmio  14,  ISM,  sea  account,  in  a  plaoe  wliose  longitude 

from  Greenwich  was  known,  a  number  of  observations  were  taken  to  ascer- 
tain the  going  of  the  watch  ;  and  it  was  found  that  on  that  day  it  was  1(V 
too  alow  for  mean  Greenwich  time,  and  lost  time  3"  per  day ;  and  that  on 
July  14, 1880,  sea  aecount,  tbntimo  per  watch  was  8b.  8"'  P.  Hi*  when,  by 
an  observed  altitude  of  the  sun,  thio  apparent  time  was  Ih.  18^  18^'  P.  M. 
Required  the  longitude  1 

EfiweT  witch,  Jims  14,        8^  18^  4aw 

30dS|Sat8*  mm  I      8  ffew 


Equation  of  time  add 


Mean  tisM  atptoce 
Time  at  Greeawieb 


.  lb.  18" 

10" 

8 

82 

1  21 

38 

16 

ErrorJuljH,   1  10  slow 

TIsMperwaiBb    8*  0  8 

iTime  at  Grecawicb  •..«..  6  1  16 
^88'W. 


*  Ttab  b  to  b<  mddtd  if  lh«  ihip't  to«f  itiHto  u  «c«. 
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To  regulate  a  Chronometer  by  Lunar  OlservatioifS. 

It  sometimes  happens  that  a  chronometer  is  hy  accident  suffeted  to  run 
down  when  at  sea,  in  which  case  it  can  be  regulated,  hy  means  of  a  {;real 
number  «»f  lunar  observations,  which  must  be  tiiken  witli  the  greatest  rare, 
and  with  objects  on  different  sides  of  the  moon.  Thrsc  observations  may  be 
made  oi:  tiie  same  day,  or  on  several  successive  days,  finding;;  hy  each  ob- 
servation  how  njuch  Uie  chronometer  is  too  fast  or  loo  slow  for  Greenwich 
time,  and  taking  the  mean  result  for  llie  error  at  ilie  mean  lime  of  obst'r- 


vat  ion. 
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EXAMPLE  I  EXAill  LL  H.  EXAM I  LE  111. 

IKO.  n\.  Ki    ISin.  ni.         ICl7.  m. «. 

Altrit  20.  T<M»lo\%  U(.  ul«    1  1^1  Aug.  &  Too         lit.  i>b«r<-u  >< 

y,    51.    2il.  o!>4.   I  21       „    6.  T«io  fa.J  il.    o>M +4)  )p 

■  aa.  oUi.     2  06     „    22    Sa.  ob*.  t  2C      „   «.  Too  »l..w  3.1    w||«.~0  7 

.4tli.o)M.    t  iO   1    Ti   yi.  TouUtt  41b.  olM.*fO  •« 

—  i)  tie  — — 

4)  36   1  4}-rO  IS 

  Chro.  too  flav  Ai'rH  CT.        t  52*   

3I<:A(iciTur  .     2  'J ,  C'li-i'  ;i>o  >!,-\v,  Auf- 7  — 0  9 

Ju  the  l;ist  example  some  of  the  observations  inad*-  th4-  chronometer  to(» 
slow,  and  others  loo  fast  ;  lh.se  an;  marked  with  <liffereiil  signs  and—, 
the  sum  is  to  be  found,  noticing;  ihe  si^ns  in  the  algebraical  manner,  .as 
taught  in  the  introduction  to  the  appendix  of  this  work. 

It  has  lately  been  discovered  thai  chrotwrnttera  gtneiallifgn  faster  on  board  of  a 
vessel  than  when  on  shore  ;  this  vari.ition  has  been  sometimes  found  to  be 
as  much  as  11  seconds  per  day,  thoufi;))  in  general  not  more  than  1  or  2  se- 
conds. It  is  8um>eoled  that  this  arises  from  tha  attraction  of  the  iron  io  the 
VMSels,  the  chronometer  havinj;  acquired  a  small  dc{;rce  of  magneti«m.  To 
I'cmedy  this  inconvenience  it  has  Ik-cji  recommended  to  keep  the  chronome- 
ters always  in  the  sjjmc  phice  on  bnard  the  ship,  and  to  regulate  tlii-m  when 
thus  placed,  before  leaving  the  jiort,  or  by  means  <jf  limar  obser^'alions  (af- 
ter the  above  manner)  when  at  sea.  Thus,  in  th«'  first  of  the  above  exam- 
ples, tlie  chronometer  was  2m.  Os.  l*>o  fast  for  (ireenwich  time  April  y,  1829. 
.suppose  now  by  a- set  of  lunar  observations  made  April  JO,  ]ii  lO,  it  was  found 
to  be  fast  £m.  iiOs.  the  variation  would  be  ^Is.  in  21  days,  which  is  1  8«cond 
j)cr  d-iy  for  the  acceleration  of  the  chronometer. 

It  has  also  bet-n  found  tliat  chronometers  generally  by  an  i}icrease  of^ 

density  of  tho  air,  and  lose  by  a  deerea^  «)f  den?<ifT.  The  firin|;  of  guns  on 
board  a  vcs.H'I  will  sometimes  alter  the  rate  of  going,  unless  the  instrument 
lie  well  suspended,  or  held  in  the  hand  dtiring  the  (Tring.  Any  sudden  jar 
will  sometimes  alter  the  rale.  Th«'  imperfection  of  the  oil  used  will  after 
sometime  impair  the  inslrimie;it.  Finally,  the  mecharii.sm  used  to  correct 
the  change  of  temperature  of  the  air  may  not  do  it  completely,  andsomr 
error  naay  arise  from  this  source.  Notwithstaiuling  these  various  caiiaa 
of  error,  it  ii  wonderful  to  observt?  how  accurately  some  of  those 
ehr«inometers  perform  their  office. 

To  find  thr  l.n/^^itudt'  bij  a  S  anation  Chart. 

In  tlie  year  17U0,  Dr.  ILnlley  proposed  to  fujd  the  longitude  by  a  thiiit 
he  published,  on  which  the  lines  of  the  variation  of  the  cmnpnss  were  drawn  • 
and  since  that  time  several  sijnilar  ehartj>  have  been  publi^thed  for  thi;  aamvi 
puqiose;  but  the  ditficulty  of  determining  the  v^u-iation,  combined  with  oth- 
er causes,  will  probably  preveyl  this  method  from  being  sufficiently  aecuralj- 
to  be  generally  useful. 

The  method  of  using  this  chart  is  as  follows  :  On  the  parallel  of  latitude 
which  you  are  in,  find  the  obserAcd  variation,  and  thnt  point  will  be  the 
])lace  of  observation. 

Adiart,  on  which  the  litics  of  the  dip  of  thi>  magnetic  needle  are  mark 
ed,  might  be  used  in  the  same  manner  for  determining  the  loni;itude. 

B  b 
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PROBLEMS  USEFUL  Ul  NATIGATION. 


PROBLEM  I. 

Coaslinf;  along  xAore,  /  Mto  a  cape  of  land  bearing  Jf.  .V. 
E.  and  after  sailing  W,  A".  W.  20  mUes,  it  bore  ^.  E.  bv 
E.  Rapdnd  tlu  dUkmu  ^  the  «Atp  from  Uu  at  bom 
atatioM  ? 

BT  PBOJECTIQN. 

Describe  the  ronipass  E.  S.  W.  andlbtHs  centre  A Wprc- 
aent  Ui6  ftoce  o{  the  thip  the  Ont  tliCkHi ;  drmir  iSbt  W. 
N.  W.  Hue  AB  ettua!  to  90  milM,  and  B  will  rapvMeat  IIm 
Kcond  station.  Draw  the  N.  N.  E.  line  AC,  of  an  indefi- 
nite 1cnj;th,  and  the  line  BC  parallel  to  the  N.  £.  by  £.  line 
or  the  compx<i9  ;  the  point  or  intenection  C  will  rcpreaent 
the  place  of  the  cape ;  and  the  distance  BC 
Witt  bttfo<iBd36aulBa,uidAC30Biilea. 

BT  LOOABrmMB— 09  CmaL  OU.  Tng.) 

The  diflhrence  tetwcen  N.  N.  B.  and  W.  N.  W.  is  8  mmoIs  or  9(F,  tberefoie  BAC 

is  *a  right  angle ;  also  the  difference  between  the  N.  E.  by  E.  and  N.  N.  E.  b  S 
Iioints=5:aJigle  ACB  and  the  Uid'erence  between  the  N.  B.  by  E.  point  and  the  point 
oppoidia  to  W.  N.  W.  it  ft  pointi,  eijoal  to  the  angle  AB€. 


To  Mike 

Ai  «].  «o;.  ACB  S  pobits 
la  to  the  distooee  AU  30 
8q  b  (Ine  angle  BAG  8  poiMt 

To  the  disuuKe  BC  3C.0 


BO. 
■r.  «D-  aasfice 

.  1^103 
10.00000 


1.55629 


To  rinii  ihr  d'ui 
As  tine  ACB  8  |xiint»  ar.  co.  , 
It  lo  the  di«Uix-i-  AB  JX) 
So  Is  alM  angle  ADC  5  poiaU 

To  the  di^mncp  AO  2:?.93 


9.9 1 9U 
1.47614 


lue 


nomatry,  though  they  mi^t  have 


The  above  aohitions  are  by  eaae  U  01 
heen  done  in  this  trample  by  eaten,  of' 
BAG  is  a  right-aiq^  /*>  .  '  ,  s>«r  • 

If  the  bearini^  of  the  middle  point  C  o&aiT  Inland  (or  any  ' remarkable  peak)  had  been 
taken  and  determined  in  thL'<  manner,  you  might  Lave  fg^^^  pt  the  same  time  the  limit 
of  the  dimensions  of  the  island,  by  measuring  with  a^quilidrjliit  or  sextant,  held  in  a  ho- 
rizontal position,  the  angular  distances  between  that  middfS^^oint  and  the  extremes  of 
the  bland.    For  by  drawing  the  lines  ADE,  AGF,.making,the  Mpgles  DAC,  UAC,  with 

AC  equal  to  the  annitar  distances  obserred  at* A ^aai in  tliB  ' — 

the  lines  BDG,  BEF.  making  angles  with  BC  eqaal  to  thTV^^C^' 
angolar  dbtanc(»  observed  at  B,  yon  would  obtain  tbe'qiiad*  t  lX|  . 
rialBTal  figure  DEFG.  within  wUA  the  Mend  is.  to  ho 
placed.  If  similar  obscrrations  could  be  pronurtTal  H,  thcj 
would  in  genecal  take  off  the  comet;*  at  D  and  J"  ;  and  ob- 
rfemtioBa  at  I,  wooM  generally  take  of  the*  eornerri  at  E 
and  G  ;  and  by  obscrA  in-;  ihc  projecting  points  ahd  rt>ves 
,in  ttie  island,  while  sailing  round  it,  and  drawing  a  figure 
dbolbnMAle  fhciolo  within  the  limiting  spa^  .thu«  found, 
the  form  and  dimamioat  of  the  Iriud  noy  ho  otf^teed  ^  a 
CQMdefaUe  degraB  of  tocancj.  .  ■>  . . 


PROBLEM  U 

}kmg  «t  MO,  /  9aw  two  ImAwuC»  tmkoor  bearirtg  from  omt^iauAer  (y  fl# 
than  voat  W.  hyjf.  and  E.  by  S.  ofiH  diaUmct  I  j  miles  ;  the  tMttenmott  bori 
from  me  S.  S.  W.  and  tht  eaMUrnmott  5.  M%ib3f  E.  Bewurtd  mv  dtrtmctjim 

edchofihem?  '      \  <ir       --r  ^ 

BT  PROJECTION. 
D|liw  the  compass  N.  E.  S.  W.  and  throng 
the  centre  A,  draw  the  E.  by  S.  line  .\R,  the 
8.  S.  VV.  line  AB,  and  the  S.  E.  by  E.  line 
AC»  end  eontinne  the  two  latter  Indefloitely, 
but  upon  the  former  AR  take  .\D=1.';  miles  ; 
throi^  D  draw  DC  paiallel  to  AB.  to  meet  „ 
AC  in  0,  M  ditw  CB  pwaRel  to  AD. 
Then  A  will  be  tile  plnee  where  the  head- 
huids  B  and  C  weie  observed  i  and  the  dis- 
tance AB  of  the  weatenunoat  heaAaad  be- 
ing measured,  will  be  found  to  be  5,8  miles, 
and  the  dietanee  AC  of  the  easternmost  h«ad- 
Idfil  Uarilos. 
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BT  IX>eAR1THMfi. 

Between  the  S.  8.  W.  Mam  AB  and  the  8.  E.  by  E.  line  AC,  are  7  poinUh 
«s:  <  BAG ;  and  between  the  S.  E.  by  B.  fine  AC,  andtlie  B.  hr  8.  fine  AB 

are  -1  p<»ints  =  <  CAD  =  <  ACB  (because  AD,  BC  are  parallel)— therelbfe 
ACB-|-BAC=9  points,  and  since  all  ihret  ~oelcs  ACH,  BAC,  ABC  arc 
equal  to  16  points,  the  angle  ABC  is  abo  equal  to  7  pov-*,  therefore  (by  art. 
99  Geom.)  the  sidee  AC*  CB  are  equal,  being  opposite  to  lux.  anglef 
ABC,  BAC.  If  these  angles  had  not  been  equal,  side  AC  migi.vi.,y|^ 
bpun  calculated  in  the  same  manner  ai  we  abali  oovAalculate  the  side  AB. ' 


To  find  the  ade  AB. 

As  sine  BAC  7  pointo  CO.  at.  0.0084S 

'  l4  to  BC  Id  milea  1.17609 

«efeiiiieACBipeinla  9.MIB4 

To  AB  5.85  0.76786 

This  Problem  or  the  first  may  be  used  for  6ndinf  the  Aimtmwu>»  of  g 
]ei|^  he  when  takii^  her  departure  from  the  laad. 

PROBLEM  ni.  « 


^^^^ 


Two  $him  foti  fmn  the  same  port^  one  $mls  N*  £.  4  ^  J^J"*^*  ^ 

BY  PROJECTION. 

Draw  the  compass  ESW,  and  let  its 
centre  A  represent  the  port  tailed 
from  ;  draw  the  N.  E.  4  E.  line  AB  = 

16  miles,  and  throuj!;h  B,  the  line  BC, 
parallel  to  the  N.  N.  W.  line,  and  con- 
tinue it  indefinitely ;  take  20  mHes  in  ^ 
your  compasses,  and  putting  one  foot  in 
A,  describe  with  the  other  an  arch  cut- 
ting the  lineBC  inC,  and  join  AC  Then 
B  will  be  the  place  of  tlie  first  ship,  C 
that  of  the  second,  and  AC  the  course 
steered  by  t!ie  second  ship,  which  will 
)>e  nearly  £.  S-  £.  h  £•  and  BC  the  distance  of  the  ships  174  miles. 

BY  LOGARITHIIS.  ' 

The  course  from  B  to  C  is  S.  S.  E.  (opposite  to  N. N.W.)  and  from  Bl» 
A  is  S.  W.  4  W.  (opposite  to  N.  E.  4  E.)  the  difference  between  Ante  betr- 
iass  is  64  pomtass790  7'zsthe  angle  ABC  ;  haring  this  angle  and  the  sides 
AB,  AC,  the  other  angles  and  »'^de  mny  be  found  by  Cases  U.  and  III.  ef 
Oblique  Trigonometry  as  follows  : 


Tu  find  Uw  aiigte  6. 
A>  the  kick  AC  20  milct 
Is  to  siiM  ABC  79"  7' 
flols^MsABMalh* 


Subtract 
To  iiiM  sagtai  O  ^  IT 

Vorir.inir.aM-B  » 


I  30103 

9.aao87 


Tu  fiiul  tb«  diitanc4^  of  the  ship*  BC. 


And  the  anpk  ST  10  lh«  B  73«»  T, 

iJMisj^  ■»'>»^'  solNncIa*  -  - 

the  niip-le  CAB  6*  "  , 

11.1849"' 

tJOlOSjA'  »u»e  anjr.  AWC  73*'  7  «r.  CO. 

 1«  iw  th»>  liile  AC  20  miles 

.So brine  CAB  46"  S»i' 


H.  71  St  W.  tbc  bcAiiOf  of  A 
O,  whnet  tho  eoono  of  the  »hip  (Wmi  A 
'   O,  hB.720  27'K.or£.ft.  E-iE. 


0.01913 
IJOIOS 

9.a23as 


ToUMiU«IICS7.SBfleB 


t 
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'  TOQ        mU  from  He  tame  port,  one  N.  W.     mihs,  and  tk^^tt/tr  IS\  £\ 

BY  PROJECTfON. 

.-...}»ass  NESW,  r>n(l  lot  its  rentrfi  A 


.«  the  |>o 

Miles,  an^i     ^  

whicn  will  be  the  bearing  and  dis-.,, 
tance  of  the  two  ships.    WlnMirc  the  hearing  will  * 


40iniles,  joioBCt 


be  found  to  be  W.  S.  >V.  i  W.  and  the  distance  4d.l 
milci^  nearly. 


BY  LOGARITHMS  (by  Cases  IV.  and  V.  OI>.  Trig.) 

"  » 

Between  the  N.  W.  line  AB  and  the  N.  E.  by  N.  line  AC,  there  ar^'  t 
points =nnp;le  BAG,  half  the  supplement  of  which  to  IftO^  is  ^^dTA'sh^ 
sum  of  the  angles  C  and  B. 


To  find  the  anclcJ. 


To  find  the  distaiMe^. 


Arsumof  ABaiid  AC  70kq^  ar.co.B.l'j490'  \<!  sine  an^te  B  60^  SO^  0.06/>.^o 
It  to  their  diflference  10  l.OOOOOtis  to  cido  AC      40  i.tii)2U6 

8oJf  taas-AntmsiwlMSOO  37|'   l0.085e3|SoiBnMai«leA78  45  9.99l$7 

1.63393 


To  tan.  i  diC 

Sum— ingle  B 
Diff.=a4l«  ^ 


9  52i  9.24073 
40  Ab 


To  the  distance  EC  45.1 


To  the  an^le  C  =10O  45',  add  the  course  from  C  to  A=3S^  45',  the 
sum  is  71^  30 ,  which  is  the  bearing  of  B  kom  C,  S.  74°  80'  W.«i»r  W. 
».  W.  k  W.  nearly. 

PROBLEM  V. 

Tteo  ports  bear  from  each  other  JS.  by  N.  and  }y.  by  distance  400  mile*  ; 
a  thipfrom  iht  mtttrnmottmUMtmikerltf  450,7  miUs,  anQtherfromPu  twUm- 
triost  tmU  SOO  mk»t  and  muts  the  JtnU  BtqtnnA  ikttmtnt  iftmd  By  tack 

BY  PROJECTION. 

J)raw  the  compass  ESW,  and  let  tlie  cen- 
tre B  re|»rcsent  the  westernnnist  j)Ort ;  draw 
the  £.  by  N.  iine  BD=^400  miles,  and  D  will 
he  the  easternmost  port;  with  SOO  in  your 
eompastes  and  one  foot  in  B*  describe  an 
arch  :  with  450,7  in  yonr  rompa'^ses,  and  one 
ftot  in  D,  describe  another  arch  cutting  the  VV.-rrj 
former  in  C ;  join  DC,  BC.  Then  BC  will 
betbecoqrse  sailed  by  the  westernmost  ahipf 
and  BC  the  course  sailed  by  the  eastern- 
most. 
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BY  lo(;arithms. 
To'jMd  the  angk  CBD. 


E>  TliM.  IV.  Triff. 
Li>i'U-  iIh-  triancrlo«nOD  ii>lo  two  ritrl>'-anj:leil 
trimt^W  (>>'  nipnn«  of  the  pwpMMycuUr  CA.  ami 
bUcct  HI)  in  A.  I  lion 
As  lb«  ha***  n  n  40(1  ,r.  i». 
]■  to  Um>  Kum  »i  li(  .  COL 

So  k  dur.  Of  uc«  cy,  . 


iaoL7 


2.R7M7 
S  i7C)J 


To  twin  Aa 
Riiirar  A  • 


aSKhBA     .  . 

TU*n  in  I 

An  bvpol.  I>C  300 

bo  i*  All  5a.e  ^ 
To  co-Uoc  tJBD  7t°  44' 


6«J 

tlteifri'  ACB. 


W.OCKiOO 
1.7B790 


nv  Tilfo.  V.  Trig. 
CD=4a)l7 

Bl)3s400  lof  •  W'  CO. 

lii(.«rs>«o. 


Sam  ll£0.7 
AmilD  S7AS5 


itairwi 


tec* 


9.3907t 


Doobird  i»  n  •MsAnflr  CBD.  naviaf  fbmd 
lllkl«l|ll^  V^Mjr  fiti<l  rithrr  of  the  aikmtfM% 

To  iiad  thr  «rpl«-  rI>IJ. 
A«  CP  4.V>.7  nr.  rn.  7JMCH 
Is  to  kine  CliU  ^i•  ii        ...  S.noioJ 

So  li  Bc  an  X477I2 


TodMGiai«r«' 


MMtt 


As  t1)e  aii.;U  (  ]>D  is  78^  44'  or  7  points  nearlr,  and  the  coune  from  B  toD 

is  K.  1»\  iSi.  tiie  counii-  frnin  B  t(»  4'  murt  be  north.    The  course  from  D  to 
B  bfing  VV.  hy  S. 
of  C  from  D  must 


<.r  W.  1  P  i:/  S.  ami  tliP  anjjle  BDC=40O  i.v  t|i,«  beariof 
L  be  W.  £9^  30       because  40^  45'— 11^  iy3Si23'=> 


PROBLEM  YI. 

CooMrli^  o/ot)^  shore,  /  «ow  tvo  Aoodlswii,  the 

'  E.  S.  E.—fiftf  T  sailing  E.  S.  10  milfs 
the  srcond  S.  E.  h  i/  S.  Re^rtd  the  bearing  of 
other,  and  their  dutonce  1 

Drnn-  tho  corripass  IVESW.  nnfl  !<  f 
its  ccolre  A  repri^fteut  the  plac«?  of  tho  ' 
ship  At  the  first  station  ;  draw  the  £. 
hy  41.  iMe  ABs  10  mUes,  Aod  B  will  bo 
the  place  of  tlie  ship  .it  the  s*>rond  stn- 
tion  ;  <lra>v  the  N.  V..  line  AC,  and  tho 
L.  i\.  £.  iiije  AD;  tiirough  the  point  B 
dfMT  tho  luM  BC,  B0  panllel  to  Hie 
N.  by  E.  and  N.  E.  by  N.  ruie*.  and 
the  points  C  and  D  wlwre  tlioy  intf-r- 
sect  the  liues  drawn  from  A  to  the 
mntt  hmJIiMwk  wiH  he  the  points  re- 
presenting thenn  rehpectively  ;  join  tiu- 
point.s  ('  and  I)  : — tlu  n  will  CD  ho  the 
tUvtaiice  ol  the  tivo  headlands,  and  a  hne  draw 
wall  ivpriitMKt  tho  hearing  of  Chose  places  from 


/ml  Um  ftmk  meKB,^ 

,  the  Jirst  horr  by  E.  and 
the  two  hetdliuuU  fwm  each 


n  throi^h  A  parallel  to  CD 
each  other  on  the  eonipBi'^. 


BT  LOGAniTHM^. 

IhlhoMM^c  AbC  w  p  Yt-we  itii  (I  f  ani'lr« 
thesUeAfito  find  l(C.  i'or  il«  lK-nriti<j»  ol  H 
nnrl  C  from  A  arf  h..  Iiy  S.  hihI  .N.  V.-  iIk-  ilillV-r- 
«Ti<-e  being  5  points— HAC  ;  and  the  Ii^'.^riti^^'.  ..I  II 
■"id  A  from  C.  anf  S.  by  \V.  awl  W ■  tin-  .:i<IVr- 
<-iicc  being  3  points  rqmU  to  Ibe  aitfle  Al  it- 

TofiDd  ibosideDa 
Ad  line  of  ACU  3  pia.  ar.  CQb      .      .  a3&62t> 
Is  to  tb«  tide  AB  10    .  .  1.00000 

«o  is  rine  knglo  BAG  5  pts.  ill8i9  d 

to  BC  1497  .... 


Ill  irifinirli*  .\lit>,  wr  iivr  all  llic  anglr^ard 
till-  Mdc  \h  10  fiiii:  111*  I  r  lii.-  bearings  nf  li 
.iiul  A  trnni  n.  S.  U'  <■  \  nui\  W.S  \V  tl»e 
dirti'H  n<T  li«»ini,'  '<i  poini';::^Hl'A  ;  and  ibr  brsr- 
in^'v  itl  H  nnd  l»  fniui  A.  .nr  K  ti*  S.  iird  I'..  N.  K. 
tli«- dilT.  p- ■<  P  ing  i\\\o  ''■  JxnMs,  rqiinl  Jo  ll-r 
■^■•tr:e  DAI) ;  iht-n  fore  (br  a  Ic  nAI>:sBI)A. 
and  (6y  art.  S9  Gcon.)  DI>=sAl)=.10  luiln-  It 
tli«M!  iMd  not  beta  «qoil«  wo  Mri|t*t  h"** 
OKknlautl  Ibe  kidc  BD  bi  1M  mum  oiofMNr  m 
BC. 


1.17A1 


T  I 


Now  in  the  trianjrle  CBD  wo  have  BD  =  10,  BC==  I  l.:t7.  uid  tho  .in-lo 
ChD  =  22'^  :W,  (or  tho  boarinjrs  of  C  and  P  from  B  aro  N.  by  K.  and  N.  E. 
by  N.  diflToring  ii  points  or  CSP  30' ;  hence  we  ciav  find  the  other  angles  and 
side  CD  as  in  caste  ft.  Oh).  Trii;.- 
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To  f.iui  ihr  nn^lM  BCD,  BDC. 
As  suo  of  UC.  BI>  '2i^  ui  .  CO.     .      .  8.602j8 
1»  10  their  diir.        ^  in       .      .  Ot  twa- 

5e  b  tau.  ha.  lUOkOf).  *og.  71i-  15       .  10.70131 


To  uag.  i  (liff- 


4S 


laoooss 


Sum  is  anele  BDCrs       123  4b 
SUr.  Li  anple  BCI>=:         S3  44  or   oeiirlY  3 
■akou,  and  a«  UMtetfb'u  of  *>  ttomO  U  8.b|j  W. 
fb«  beariog  of  O  rran  C  omhi  be  8. 8.  B. 


i»  i.i  kiitc  BD     19     •     •     •  • 


CD 


PROBLEM  m 

JBei/ig-  96  fathoms  from  the  bottom  of  a  to^^  1  found  its  aititude  aboet^^ 
hoHzotUal  lint  drawn  from  my  tyt  tMW  14^  lO*.  Kflgililgd  Ifte  titWliwi  flMy 


BY  PUOJKCTIO.V. 
Dntv-  the  bor  i;<iLit.il  iinc  AH— 96  fatlionis,  and 
perpend iculwr  tl)«'i<'in.  llir  lit  r  lU'  ;    make  ihe, 
«uglcDAc^l  •'^  10  ami  draw  .\C  so  cut  lU  in  C. 
tfaca  wkU  fic;  be  Um  h«ichi  of  Uie  lowcf  26  ik- 


BY  L0GAK1TBK& 

As  radius  90* 

b  to  tke  dlit.  AB  86  f  atbooic 
8olft«Mff.a«ikAia*Mr 


1.9 

n_4 


When  an  object,  whose  eleration  above  tiie  hdriaon  is  to  be 

is  at  a  very  great  distance,  it  will  be  neceHsary  to  notice  the  correction 
iQg  from  the  ciirvaturt"  of  the  eartli  and  the  refraction,  and  apply  that  cor- 
rection to  the  height  estimated  by  the  above  method.  Thue  if  the  ancular 
elevation  of  a  mountain  whose  .base  was  more  distant  than  the  limit  of  the 
-visible  horiiOD,  was  observed  by  an  instrument  of  veflectioii ;  tlM  approzi- 
mate  h(  i^ht  must  first  be  obtained,  as  in  the  preceding  examph',  and  then 
the  corrt'ction  of  that  approximate  heijitht  for  the  curvature  of  the  earth,  re- 
i'raction,  and  dip,  must  be  calculated  by  the  following  rule,  and  added  to  that 
heightv  the  sum  will  be  the  true  height  above  the  level  of  the  sea. 

Rule.  Find  in  Table  X  .  the  luimber  of  miles  corresponding  t»  tiie  hei|^ 
of  the  observer  above  tlie  level  of  the  sea,  and  take  I  lie  difference  between 
that  number  and  the  distance  of  the  mountain  from  the  observer  in  statute 
miles ;  with  that  difierencc  enter  tlic  same  table  and  tUid  the  height  in  feet 
eorrespoodtng,  which  will  be  the  correction  to  be  added  to  the  approsdMis 
height  to  obtain  the  tnic  height  of  the  mountain  above  the  level  of  the  sea., 

ExAMi'LK.  Suj>po«ie  the  distance  was  statute  miles  (or  168960  feet) 
and  the  observed  altitude  1^  2 ,  the  observer  being  li5  feet  above  the  level  of 
the  sea.  Required  the  height  of  the  mouotiin  above  the  flame  level  9 


Ki  radius 

Is  to  distance  160960 


Approx.  bright  U04t 
Cgrrcction  39<8 


10.00000 
9.4095 


Uist.  u(  nloun^in 
OIIRnrrncr 

Corrrspdodiaf  Comt-  Tahk  X. 


lliMn     3446  li  th*  trite  iKigbt  above  tuc  leTci  of  tlie  sm. 


PROBLEM  Vm. 
Sailinf^  towards  Capt-Cod,  J  discovtred  tht  Ixs^ht-houK  just  a^p^nriug  ia 
ilu  horizon^  my  eye  being  tkmttd  £0  ftet  above  thu  sea  ;  it  it  required  to  Jind 
AtAUmcB  9fieUgkt-hmm,wppnim^it  to  ht  ekvakd  m  fitt  ofove  ifte 
Mr/bee  of  the  sea  ? 

The  solution  of  this  problem  deprnds  on  tho  uniform  rnrvature  of  tho  sen, 
by  means  of  which  all  terrestrial  objects  disappear^t  certain  distances  from 
the  observer.  These  distances  majy  be  computed  by  means  of  Table  X.  fai 
which  the  elmtfkNi  in  feet  is  fpnea  in  one  column,  aril  the  dia6uice  at  which 
it  is  risible,  is  expressed  in  statute  miles  in  tfte  nther  coluinn.  If  the  place 
from  which  you  view  the  ohi«  ri  he  elevated  above  th»*  liorizon,  you  niu<«t 
add  togtlher  tht  distances  currtsjuonding  to  the  height  of  the  olmrver  and  tht 
height  of  the  object,  tk»  tum  wiU  be  the  greAtett  distance  at  which  that  oljeet 
is  visible  from  the  observer. 

In  the  present  example  the  height  of  the  observer  was  20  feet,  and  the 
heicht  of  the  object  2uO  feet. 

Ill  TaU*  X.  opposite  tf  feet  ia  »,8f  miles. 

MO  feet  IMl 


Distance  £4,65  statute  miles  ut  about  69^  to  a  Uc' 

the  dtHaneain  nautinl  leases,  of  10 1»  a  degree,  being  about  7. 

PROBLEM  IX. 
A  mmbelmgan  iht  mam-top- gaUaiU-maM  of  a  man  oTmr, 
&e  water,  sees  a  too  gun  shipsh  had  engaged  Medby  Ufin,  hMtOf  how  fat 
iBtre  those  ships  distant  from  each  other  7 

K  ship  of  1 00  pins  or  a  first  rate  man  of  war,  is  about  60  feet  from  the 
keel  to  the  rails,  from  which  deduct  about  £0,  leaves  40  for  the  height  of  her 
^uarterHleelt  above  water.  Now  a  ship  b  seen  liull  to  when  ner  uppev 
VMksjllSt  appear. 

In  Table  X.  opposite  200  feet  stand  18.71 
,  ,  40  feet  8.57 

Distaaee  t7.08  lailes. 

PROBLEM  X. 

Upm  teeing  the  Jlash  of  n  gun,  I  rounttd  30  iecmuls  hif  a  ,ratch  before  I 
heard  the  report :  How  fir  was  that  gun  from  me^mffotiag  that  sound  motaat 
the  rate  of  1 142  feet  per  second 

Hia  vdoeit^  of  light  is  so  ^reat,  that  the  seeing  of  any  aet  done  even  a 
number  of  miles  distance,  is  mstantaneous ;  but  by  obser>'ation  it  is  found 
that  sound  moves  at  the  rate  of  114i  feet  per  second,  or  about  one  -tatutc 
mile  in  4.6  seconds  ;  con^quently  the  number  of  seconds  elapsed  between 
itainK  tiM  iadi  aod  hearing  the  report,  being  divided  by  4.6  will  give  the 
distance  in  iMitte  miles.  In  the  present  exampW  tile  distsnre  was  a^ut  6^ 
ailisa>  beewta  80  divided  by  4,6  quotes  (\k  nearly. 

PROBLEM  XI. 

To  find  the  differince  between  the  Iru*;  and  apparent  directions  of  the  wind. 

Suppose  that  a  ship  moves  in  the  direction  TR  from  C 
to  B,  while  the  wind  moves  in  its  true  direction  from  A  to 
%  tiieffbet  oo  the  ship  will  be  the  same  as  if  sbe  was  at  rest 
and  the  wind  blew  in  the  direction  AC  with  a  velodty  re* 
presented  by  AC,  the  velocity  of  the  ship  being  represent- 
ed by  BC.  In  this  case  the  angle  BAC  will  represent  the 
diflbreoce  between  the  true  and  apparent  directions  of  the 
wind  ;  the  apparent  being  more  a-head  tlian  the  true,  and 
the  faster  the  vessel  goes  the  morea-head  the  wind  will  ap- 
pear to  be.  We  must,  however,  Except  the  case  where  the 
tiM  is  dirwtiy  aft,  in  wliieheaaethe  direction  is  not  altond. 

It  b  owing  to  the  difference  between  the  true  and  appa- 
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rent  directions  of  the  wind,  that  it  npjjnnrs  to  shift  its  direction  hy  lacking 
ship:  and  if  thp  difTrrfnci'  of  fhr  dinrtiuns  he  ohserveil  when  on  <1  ^  it 
boards  (the  wind  on  l»oth  tacks  heiuj;  suppost'd  to  remain  constmit,  ,u,a  im- 
vessel  to  hart-  the  same  velocity  and  t<>  sail  at  the  same  distance  fr<»m  the  wind) 
the  half  diflference  will  he  e(piaJ  to  the  anj;le  BAC  :  hy  knowing  which,  to- 
gether with  the  vj'lficity  of  tlie  ship  BC  and  the  angle  BCA,  we  may  obtain 
the  tnie  velocity  of  the  wind  ;  or,  l»y  knowing  the  velocity  of  the  wind  and 
of  the  ship,  and  tlx*  app:»i-i'nl  diret  tion  of  the  wind,  we  may  eHli  nlntf  the 
difference  between  th«'  trn»!  and  apparent  din'ctions  of  the  wind. 

Thus  if  the  velocity  of  a  ship  representi-d  by  BC  be  7  milea  per  hour, 
that  of  the  wind  represented  by  AB  miles  jier  hour,  and  the  anj;le  of  tlif 
vessel's  course  witti  the  apparent  direction  of  the  wind  BCA=7^  [M>int»  ; 
the  difference  between  the  true  and  apparent  directions  of  the  wind  would 
be  obtained  by  dratving  the  line  BC  =  7  miles  taken  from  any  scale  of  equal 
parts  and  making  the  angle  BCA  =  7i  points,  then  with  an  extent  e<pial  to 
^7  miles,  taken  from  the  scale,  and  with  one  foot  in  B  describe  an  arch  to 
rut  the  line  AC  in  A,  join  AB ;  then  the  angle  BAC  being  nii:asured,  will  be 
the  sought  difference  between  the  true  and  apparent  directions  of  the  wind. 


BY  LOGAIUTIIMS. 


As  AB       £7    miles  lug.  ar.  <^ 

Is  to  BCA  7i  points  log.  sine  «.U97U(> 
SoisBC      7    miles  lug.  O.»401U 

To  BAC    1 1^  :f7'  log.  sine  9.4 1 1 6 1 

So  that  in  tliis  case  the  difference  between  the  true  and  apparent  direction!* 
of  the  wind  is  about  l\  points,  and  by  tacking  ship  and  sailing  un  the  othor 
board  as  above  mentioned,  the  wind  would  ap])«*ar  to  ehange  its  direction- 
above  i2i  points. 

PROBLEM  XII. 

2*0  measure  the  height  of  a  mountain  hu  mransof  the  heitrhts  of  two  baronutirn 
taken  at  thr  lop  and  bottom,  of  the  mountain. 

Procure  two  barometers  with  a  thermometer  attached  to  each  of  them, 
in  order  to  ascertain  the  temperature  of  the  mercury  in  the  barometers,  and 
two  oUier  thermometers  of  the  same  kind  to  ascertain  the  temperature  of 
the  air.  Then  one  observer  at  the  top  of  th«'  mountain,  and  another  at  tlie 
bottom,  must  observe  at  the 'same  time  the  height?  of  the  barometers  and  the 
tljcrmometers  attached  thereto,  and  the  heights  of  the  detached  thermo- 
meters, placed  in  the  «»pen  air,  hut  sheltrred  from  the  sun.  Having  taken 
thes«!  olwervatimis,  the  height  of  the  upper  observer  above  the  lower  may 
be  determined  by  the  following  ride,  which  is  adapted  to  n  scale  of  Kngiish 
inches  and  to  Fahrenheit's  thermoineter. 

Rdle.  Take  the  difference  of  the  logarithms  of  the  obsen  wi  heights  of 
•the  barometer  at  the  two  stations,  considering  the  first  four  figures,  e^ 
of  the  iiulex,  an  whoU-  nvnnbers.  the  remainder  as  deamals  ;  to  thi>  caiu  r- 
ence  must  be  applied  the  product  of  the  decimal  0A^4,  by  llie  difference  «»f 
the  altitudes  of  the  two  attached  thermometers,  by  suhtraeling  if  the  ther- 
mometer w;ls  highest  at  the  lowest  station,  otherwise  adding  :  the  sum  or 
difference  will  be  tho  approximate  height  in  Hnglish  fathoms,  Multi]  '  - 
by  the  decimal  0,00244,  and  by  the  difFereiice  belw«'en  the  mean  of  t.,  •  '» 
altitudes  of  the  detached  thermometers  and  ."^i  \  the  product  will  be  a  cor- 
rection to  be  added  to  the  approximate  height  when  the  mean  altitude  of 
the  two  detached  thermometers  <'xcet^ds  .S-i*^,  otherwise  subtracted  ;  tl  v 
or  difference  will  be  the  true  height  of  the  uj>per  .above  the  lower  oh  < 
in  English  fatht)ms,  xvhich  mtiltiplied  by  tJ  will  be  the  li«  ight  irj  feet. 

EXAMPLE. 

Suppose  the  following  observations  wen;  laktn  i'  i<  uid  botloui  a 

mountain.  Required  if-  hrlHii  in  fr'lb'^nr-  ' 
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18ft 


Attached  tiierm.  Detached  therm. 
Obi.  atlowtr  ttatioD  91^  S«o 
Upper  ftttkm  43  4t 


Difference 


14 


Mean  49 
9t 

Diff.  17 


Barometer. 

IMS  iiieh.  log.  147£4«6 
t548  log.  140t7^ 


Difference 
Q,454x  14 


Approx.  hdght 
690,4Xl7xO,OOft44 


696,8 
6,4 


e90,4 

fi8,6 


Height  in  filth.  719,0 


MENSURATION. 

PROBLEM  L 
Tifind  the  ana  of  a  ParaUdogjram. 
RULE. 

MULTIPLY  the  bote  by  the  perpendieular  height,  the  product  i^iU  be 
the  area. 

Note.  If  both  dimensions  f*rc  %hen  in  ft'f  t.  inches.  Sec.  the  product  will 
be  tiie  area  expressed  in  st^uare  feet,  square  inches,  ^c.  respectively ;  if  one 
of  the  dimensions  be  given  hi  ISeet  end  the  other  in  inehes,  the  product  di« 
vlded  by  12  will  be  the  answer  hi  square  feet ;  if  both  dimensions  are  given 
in  Inches,  the  product  will  be  squnre  inches,  which  divided  by  144  will  be  the 
answer  in  s(|iiarc  feet.  The  same  is  to  be  understood  io  finding  the  area  of 
other  surfaces. 

Example  I.   Suppose  the  base  DB  of  the  rectin- 
gular  parallelof^ram  ACBD  is  7  feet,  and  the  perjien-  ^ 
dicularBC  3  feet;  required  tlie  area?    The  product 
of  the  bane  7  feet  by  the  perpendicular  d  feet  gives 
the  area  21  square  feet. 

ExAVPLB  II.  Suppose  ACBD  is  m  board  whose  -O 
length  DB  is  22  feet  and  breadth  BC  is  14  inches;  required  the  number  of 
f^quare  feet  ?  The  product  of  the  base  £id  feet  by  the  breadth  14  inches  IS  908, 
this  divided  by  li  gives  25  square  feet,  tlie  sought  area. 

Example  III.  If  DB  be  S5  inches  and  BC  !20hiches ;  required  the  area 
in  square  feet  ?  The  product  of  the  base  20  inches  by  the  peirpendieulMr  SO 
inches  gives  506,  which  divided  by  144  gives  the  uea  M7  ^'9^  eqiuure 
feet. 

Example  IV.  Given  the  base  AD  of  the 
ohiieue  angular  parallelogram  ABCD,  equal 
to  SO  feet,  and  the  perpendicular  height  BE 

1.0  feet;  required  the  area  of  the  parallelo- 
gram ?  Multiply  the  base  30  feet  by  the  per- 
pendicular i:>  feet;  tlie  product  400  is  the 
are^weqiHurefeet. 

PROBLEM  II. 

Roll*.  Multiply  the  base  by  half  the  perpendicular  height,  and  the  pro*, 
^tm  win  be  the  arsft  reqaired. 

Co 
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ExAMPLK.  Given  the  base  AC  90 
feet,  and  the  perpendicular  DB  20  feet, 
required  the  area  of  the  trianp;lr  ?  The 
base  SO  multipliod  by  half  tho  prrpcndi- 
cufar  10  gives  the  area  300  square  feet. 


PKOBLKM  III. 
I'o  Jind  the  arta  of  any  irrfn^ular  riirht-linrd  Jifj^urr. 

Rule.  Reduce  the  fi^^urr  lo  triniijiits  by  dra^vinj;  (H.-iRonals  thrrrin  ;  then 
find  the  area  of  each  triangle,  and  the  sum  of  tiiem  will  be  the  area  of  the 
proposed  figure.  Or,  instead  of 
finding  the  area  of  each  triangle 
separately,  you  may  find  at  one 
operation  tlie  area  of  two  trian- 
gles having  the  same  diagonal  by  ^ 
multiplying  the  diagonal  by  half  ^ 
the  stim  of  the  perpendiculars  let 
fall  thereon. 

Example.  Required  the  area 
of  the  figure  ABODE,  in  which 
EC=S3  fc.  t,  En=24  feet,  and  _ 

the  perpendicular  A  F  =  1 S  fret,  BG  =  14  feet,  and  DH  =  1 :  feet  ?  The  dia- 
gonal EB,  «£  feet,  iniiltipli.-d  hy  half  the  pc  rpenilirular  AF,  6.5  feet,  gives 
the  area  of  the  triangle  AED,  I'tJ  square  ft:et;  and  the  diagonal  EC,  33  feet, 
multiplied  hy  half  the  sum  of  the  perpendiculars  B6  DH*  IS  feet,  gives  the 
area  of  the  figure  RCDE,  429  feel ;  this  addiedto  the  triangle  AEB 145 feet,* 
gives  the  whole  area  b73.  square  fi  t  t. 

PKOULEAI  IV. 
To^fiad  the  area  of  a  circle. 

■Rri.K.  ^lultiply  the  squore  of  the  di^imetcf  of  the  circIc  by  the  quantify 
0.7854,  and  you  will  hnw.  the  sought  area. 

NoTB.    Instead  of  multiplying  l>y  0.7 C54 
you  may  multiply  by  11  and  divide  by  14,  the. 
quotient  will  be  the  area  nearly.    This  quan- 
tity .7854  represents  the  area  of  n  rirrle  ^vhose 
diameter  is  I.    The  circumferenrt  of  the  same 
drcle  being  3.1416  nearly.   The  j.roportion  of  -p| 
the  diameter  to  the  circumfercnee  is  express-"*^ 
ed  in  whole  nimihers  hy  the  ratio  of  7  to  SS 
nearly;  or  more  exactly  hy  lid  to  35i>.* 
EXAMPLE. 

Required  the  area  of  a  circle  ABCD,  whose 
diameter  BD  is  10.0  feet  ?   

The  diamet.  r  lo.f?  multiplied  by  itself  and  by  .7854  rives  the  sought  area 
88.247544  square  feet.  o 

PROBLEM  V. 
To  find  the  area  of  an  Ellipsis  or  Owd* 
Rou:.  Multiply  the  longest  diameter  by  the  least,  aod  the  product  by 


B^tli^J^.hi^  be  w.ly  remenibcrrd  hy  ob^erring  that  if  the  llrst  ihrrt 
Kr^l  r  ll?5*'*^*"'  pnxluw  Ihei.iMBUiv  lisa&sf  ibe  thiec  first  fieun 


ckW  nurol*fr«  1. 5,  5,  arc  rr- 
urcs  »(  %titcb  make  Uie  fir>t 
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.7a:»4,  Uiis  last  product  will  be  the 
am  required. 

Kxample.  Reciuirt'd  the  area  of 
an  Ellipsis  or  Oval  A  BCD,  whose 
longest  diameter  AC  is  1  i  feet,  and 
the  shortest  diameter  BD  1 0  feet  1 

The  product  of  the  two  diameters 
b  12x10=1-20,  this  multiplied  hy 
i  fivvs  the  sought  area  94.2480 
square  feet. 

The  area  of  A  sector  of  a  circle 
may  be  found  by  means  of  the  whole 

area  of  the  cirdr  (.bt.Vmed  in  Problem  IV.  by  saying,  as  560  degrees  w  to  Uie 
angle  contaim  d  between  the  two  legs  of  the  sector,  so  is  the  whole  area  of 
the  circle  to  the  area  of  the  sector.  .    ^  n  / 1  \  a 

There  are  various  regular  solids,  the  most  noted  arc  the  folIowing.—(l  )  A 
Cub,,  which  is  a  figure  bounded  bv  six  equal  squares.  A  /  nraileUptftd 
which  is  ;i  ^.(.lid  tfrminated  by  six  quadrilateral  figures,  ol  which  9PP®"J* 
cues  are  equal  and  parallel.  (5)  A  Cylinder,  which  it  a  figure  formed  by  the 
roTUlutioii  of  a  reetttigular  parallelogram  al)ovit  one  of  its  sides.  (4)  A 
nmid,  which  is  a  solid  decreasing  gradually  from  Inc  base  till  it  comes  to  a 
point.  There  are  various  kiuds  of  Pyramids  according  to  Uie  figure  of 
their  bases  :  liius  if  the  base  be  a  triangle,  the  solid  is  eelwd  a  mmgulor^ 
rmnid;  if  a  paraUelogram,  a  paralUlograinie p!fromid  ;  and  if  aarcle,  a  cir- 
cular pyramid,  or  simply  a  Cont.  The  i^oint  in  whicii  the^pyramid  ends,  is 
called  the  Vtrter,  and  liii.-  drawn  from  the  vertex  perpendicular  to  the  hasc 
is  called  the  height  of  the  pyramid. 

7h  fnd  the  toOdity  of  a  Cube. 

Multiply  the  lengUi  of  a  side  of  the 

Cube  by  that  length,  and  that  product  by  the 
♦jame  Icnfrth,  and  you  will  have  the  solidity  re- 

auired  ;  which  will  be  expressed  in  cubic  feet  if 
le  dimensions  were  given  in  feet ;  but  in  cubic 
inches  if  the  dimensums  were  giTen  in  inches, 

fcc. 

Example.  If  the  side  AB  of  the  cube  of  U.3 
feet  it  is  required  to  determine  the  solidity  I 

The  product  of  6.3  by  6.3  is  39.69,  this  mul- 
tiplied again  by  6.9  gives  the  solidity  £^0.047 

cubic  feet. 

PROBLEM  VII. 
TVJIfMl  ffte  toUditu  of  a  Rectangular  Paralltkpi^d. 

Rule.  Multiply  the  length,  breadth  and  depth,  mto  each  other  ;  the 
product  will  be  tlie  solidity  required. 

Example.  Suppose  iu  the 
parallelepiped  ABCDFGHEahe 
length  £F  to  S6  feet,  the  breadth 
GF  16  feet,  and  the  depth  FI) 
It  feet ;  it is  re<pured to  iiiidthe 
solidity  ? 

The  product  of  the  length  S6 
by  the  breadth  16  is  076,  this 
multiplied  by  the  d«  plh  15  pives 
the  solidity  6912  cubic  feet. 

PROBLEM  VIII. 

To  fnd  the  solulitij  of  a  Ciflinder. 
UuLE.    Multiply  the  square  of  the' diameter  of  the  lutse  hy  the  length 
and  this  product  by  the  constant  quantity  .7  8&4  ;  tins  lubl  product  will  ie 
the  solidity  required. 
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Example.  Kequireid  the  solidity  of 
j|  eylinder  ADHF,  whose  length,  HD 
is  13  A  ct,  and  diameter  of  the  base  AD 
is  1 1  (vt't  ! 

The  diameter  1 1  multiplied  by  itself 
and  by  the  length  13  gives  157S,  whioh 
multipriedhy  0.7854  gives  the  Solidly  in 
cubic  feet  lSd5.434£. 

PROBLEM  IX. 
To  find  the  Miity  of  a  QrmdHom. 

Grindstones  in  the  form  of  cylinders  are  sold  by  the  Homt  of  44  inches 
diajnetcr  and  4  inrh<  s  thick  ;  thr  number  of  stMies  that- any  one  coataias 
may  be  obtained  by  tiie  following  rule. 

Rule.  Multiply  the  square  of  tiic  diameter  in  inclies  by  the  thidmesm 
inches,  and  divide  the  product  by  Sd04,  and  yon  win  liavia  the  nuasber  of 
stows  required. 

Example.  Required  the  number  of  «(ofi6S  in  a  grindstone  whose  diame- 
ter is  56  inches  and  tliickneas  8  inches  ? 

Hie  square  of  the  diameter  S6  is  lf9«,  which  multiplied  by  the  thidnesa 
8  ghres  loses.  This  divided  by  SS04  gives  4.9  or  4|stMiea,r1iie  sdidity. 

required. 

This  Problem  may  be  solved  by  means  of  the  line  of  numbers  on  Gun- 
ter*8  Scale,  in  a  very  e^cpeditious  manner,  by  tlie  following  rule. 

Ruu.  Extend  from  48  to  the  diameter,  that  extent  tnmed  overtwke  thet 
same  way,  from  the  thickrtess,  will  reach  to  the  number  of  stones  required. 

Thus  in  the  preceding  example,  the  extent  from  48 
to  the  diameter  36,  turned  over  twice,  from  the  thick- 
ness 8,  will  reach  to  4.9,  or  4^,  which  b  the  number 
cif  stones  sought 

PROBLEM  X. 

To  fisd  ike  toUdiiif  of  any  Pyramid  or  Cone. 
Rule.  Multiply  thenrea  of  the  base  bv  one  third 

of  the  perpendicular  height  of  the  Pyramid  or  Gone, 
the  product  will  be  the  solidity  required. 

ExAUFi^  I.  If  the  Pyramid  ha:i  a  square  base, 
the  side  of  which  Is  4  feet,  and  the  perpendicular 
height  6  feet  ;  it  is  required  to  determine  the  so- 
lidity ? 

The  area  of  the  base  is  4  x  4  =  1  G  square  feet,  this 
multiplied  by  one  tliird  uf  the  height  or  &  feet  gives 
Sf  feet  the  solidity  required.  ^ 

ExAMPLF,  II.  If  the"  diameter  of  the  base  of  a  cone 
be  1U,G  feet,  and  thr  pi  rpendicuhUT  height  SO  feet;  it 
h  required  to  find  tlie  solidity  1 

The  area  of  this  base  was  found  ui  Problem  IV,  equal 
to.88,247544  ;  this  multiplied  by  one  third  o(the  httght 
or  10  feet,  gives  the  solidity  required  equal  to  88M7d44 
cubic  feet. 

Having  obtained,  by  tlie  foregoing  rules,  the  number 
cf  cubic  feet  in  any  body,  you  may  find  the  corres- 
ponding number  of  tons  by  dividing  the  number  of  cu- 
bic feet  by  40,  which  is  the  number  of  cubic  feet  con- 
tained in  one  ton.  Thus  tlie  solidity  of  the  above- 
mentioned  cone  88M7544,  being  divided  by  40,  quotes 
11,081888,  whiebb  the  number  of  tons  in  that  cone.  * 

PROBLEM  XI. 
To  jmd  tht  tomuigt  of  a  ship. 

By  a  law  of  the  congress  of  the  United  States  of  Amenca^  the  tonnage 
m  •  sDip  » to  be  fbimd  bi  tbe  following  manmn-. 
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If  the  ««89el  be  douUe-decInd,  take  the  leogtii  thereof  from  the  fore  pert  t 
of  the  main  stem  to  the  after  part  of  the  ftern-port  above  the  upper  deck  ; 
(he  breadth  thereof  at  the  broadest  part  ahove  the  main  wales,  half  of  whirh 
breadth  shall  be  accounted  tlie  depth  of  such  vessel  ;  then  deduct  from  the 
length  Uiree-fiflhs  of  the  bread tli,  multioly  the  remainder  b^  the  breadth, 
and  the  product  by  the  depth ;  (fivideaiia  hurt  firoduet  by  ninely-flTet  and 
the  quotient  will  be  the  true  content  or  tonnape  of  such  vessel. 

If  the  vessel  be  single-decked,  fake  the  length  and  breadth  as  above  direct- 
ed, in  respect  to  a  double-decked  vessel,  and  deduct  from  tiie  length  three- 
fifUis  of  tne  breadth,  and  taldnc  the  depth  from  the  under  aide  of  the  deck 
plank  to  the  ceiHng  of  the  hold  ;  multiply  aod  divkle  at  alaieaaMl,  the  quo- 
tient will  be  the  true  content  or  tonnap;e  of  such  vf^'^f  I. 

Example.  Suppose  the  length  of  a  double-decked  vessel  is  80  feel,  and 
the  breadth  S4  feet,  what  is  her  tonnage  ?  Three-fifths  of  the  breadth  £4 
iSMt,  ia  14.4  feet,  which,  subtracted  from  the  length  99  feet,  leasee  65.6. 
This  multiplied  by  the  breadth  24  feet  gives  1571.4,  this  midtiplied  by  tlie 
depth  li  feet  (half  of  24)  gives  18892^,  which  divided  by  Hi  quotet  the 
tonnage  198.8. 

Caroentera,  In  finding  the  tonnage,  multiply  the  length  of  the  keel  by  the 

breadth  of  the  main  beam  and  the  depth  of  the  hold  in  feet,  and  divide  the 
product  by  9r> ;  the  quotient  is  the  number  of  tons.  lo  doubte'dccked  TCV 
boXi  half  Uie  breadth  is  taken  for  the  depth. 


GAUGING. 

HAVING  found  tiie  number  of  cubic  inches  in  any  body  by  the  preceding 
rules,  you  may  thence  determine  the  content  in  gallons,  bushels,  gcc  by 
dividing  that  number  of  cubic  inches  by  the  number  of  cubic  inches  ia  a 
gallon,  bushel,  iLc.  respectively. 

A  wme  gallon,  by  which  most  liquors  are  measured,  containa  fSl  cubie 
Inches.  A  beer  g;auon,  by  which  beer,  ale,  and  a  few  other  liqimrs  are  mea- 
sured, contains  cubic  inches.  A  bvshrl  of  corn,  malt,  Uc.  contains  -21 .00.4 
cubic  inches  :  Xhia  measure  is  subdivided  into  8  gallons,  each  of  which  cou- 
taini  166.8  dMc  hicheK 

/«  oU  ffte  JbUowing  nUes,  il  mil  be  supposed  that  Ae  dmummu  ofihe  Mjf 
ore  giHH  in  ineka,  aid  dtdmal  parts  of  an  inch. 

FROBLEM  L 

3b  Jind  the  nwmler  of  gallons  or  bushels  in  a  body  of  a  aAk  form. 

Rl'LE.  Divide  the  cube  of  tlie  sido^  by  231,  the  ^niotifnt  ivi!)  Ix;  the  an- 
?«wer  in  wine  gallons  ;  or  by  -JJli  and  the  quiitient  will  he  the  aii<\\  »  r  in  beer 
gallons;  or  by  ilitOA,  and  the  quotient  will  be  the  number  of  busheU. 

ExAMPUB-  Required  the  number  of  wine  i^allons  contained  in  a  cubic 
ciiteni,  the  length  of  whose  side  ia  62  inches  ?  Multiplying  02  by  itself  and 
the  product  again  by  <^i\es  the  solidity  2S8d2 8 ;  which  divided  by  £51 
^vea  the  content  lO^li  wine  gallons. 

PROBLEM  II. 

Tn  find  the  number  of  {rnllons  or  bushels  contained  in  a  bodij  of  thf  form  of  a 
rectangular  Parallt  It  piped.  See  tiie  fij;ure  of  Problem  VII.  of  Mensuration. 

Kvx<E*  Multiply  the  length,  breadth,  and  depth  together  ;  divide  this  last 
product  by  231,  for  wine  gallons  ;  by  t8£  for  beer  gallons  ;  and  by  2i:>0.4 
forbuahela. 

ExA>iFLK.  Required  the  number  of  wine  gallons  contained  in  a  ri^fmi 
ABCDFGHE  (see  fi^.  Prob.  VII.  of  Mensuration)  of  the  form  of  a  paral- 
lelepiped, whose  lengtli  £F  is  Gt'i  inches,  its  breadth  GF  30  inches,  and  its 
depth  FD  f4  mchea.  Multiplying  the  length  66  by  the  bvendlh  85  dvea  ^ 
fSlO,  this  multiplied  by  the  depth  t4» givep  tiw  solidity  59440  ;  whk»dr* 
prided  by  £91  quotca  £46  wine  gafioDK 
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PfiOBLEM  III. 

To  find  Ike  nwnler  of  gaUctm  or  hutkeU  eoniabud  tn  a  lodif  of  a  cifUndmat 

firm* 

RULK.  Multiply  tlie  square  of  the  diameter  by  the  height  of  the  cylinder, 
and  divide  the  product  by  .2*14.12,  the  quotient  will  he  the  number  of  wine 
gallons  ;  if  you  divide  by  SjD.OD  tlu'  (|Uoticnt  will  be  the  number  of  ale  gal- 
lons ;  and  if  you  divide  by  £7ia,  the  auotient  will  be  the  number  of  bushels. 

NoTK.  These  divisors  are  found  by  dividing  231,  282,  and  f  1»0.4  by 
.7854. 

ExABiPLE.  Required  the  number  of  Avine  gallons  conlaiiiod  in  the  cylin- 
der AFHD  (See  the  fig.  of  Prob.  VIIl.  of  iMensuralion)  the  diameter  AD  of 
its  base  being  26  inches,  and  length  HD  IB  inches  ?  The  diameter  26  mul- 
tiplied by  itself  gives  676,  this  multiplied  by  the  length  18,  gives  the  solidity 
1£168,  which  divided  by  t84.1f,  gives  the  answer  41  wine  gallons. 

«  PROBLEM  IV. 

Thfind  the  number  of  gtilhna  or  bushels  contained  in  a  hody  of  the  form  of  a 
pyramid  or  cone.  (See  figures  of  Problem  X.  of  Mensuration.) 
Rule.  M»>ltiply  the  area  of  the  base  of  the  pyramid  or  (Muie  by  on^- 
third  of  its  perpendicular  height ;  the  product  divided  by  2dl  will  give  the 
answer  in  wine  gallons  ;  if  divided  by  f  8S,  the  quotient  will  be  the  number 
of  bei;r  gallons  ;  and  if  divided  by  £190.4,  the  quotient  will  be  the  number 
of  bushels. 

Example.  Keipiired  the  number  of  beer  gallons  contained  in  a  py  ramid 
DEFGK  (See  fig.  Prob.  X.  Example  I.)  whose  base  is  a  square  CFOK,  a 
side  of  which,  as  EF,  is  equal  to  90  inches,  and  the  perpendicular  height  of 

the  pyramid  is  CO  inches  ?  The  square  of  .SO  is  the  area  of  the  base  900, 
this  multiplied  by  one-third  of  the  altitude  ilO,  gives  the  soUdity  1800U, 
which  divided  by  £82,  gives  the  answer  in  beer  gallons  Qii.S. 

PROBLRM  V. 

To  find  the  nuTubfr  of  gallons  or  iuafuls  couiaintd  in  a  body  of  the  form  of  a 
frxistmm  of  a  cone.    (See  the  figure  below.) 

Ktlk.  Multiply  the  top  and  bottom  diameters  togetlier,  and  to  the  pro- 
duct add  one-third  of  the  square  of  the  difference '  of  the  same  diameters ; 

multiply  this  sum  by  the  perpendicular  heif^ht,  and  divide  the  product  by 
il'J  1.1 2  for  wine  gallons,  by  Sbd.Ob  for  ale  gallons,  and  by  2738  for  bushels. 

Ex  ample.    (liven  the  diameter  DC  of  the  ^.T" 
bottom  of  a  frustrum  of  a  cone  6ii  inches,  the 
top  diameter  AB=S7  bches,  and  the  perpen- 
dicular  heigltt,  FE  50  inches.   Required  the 
content  in  wine  gallons  ?  Tlie  product  of  the 
two  diameters  36  and  £7  is  97^2  ;  their  difler- 
cnce  is  9,  which  squared  and  di\  ided  by  3 
gives  27  ;  this  added  to  979  gives  999,  which  £) 
multiplied  by  the  height  50  gives  the  solidity  ^ — 
.48850  i  this  divided  by  294.1  i  quotes  the  content  in  wine  gallons  169. 

PAOBL£M  VI. 

To  gauge  a  cask. 

To  gauge  a  cask,  you  must  measure  the  head  di- 
ameters FA,  DC,  and  take  the  m»'an  of  them  when 
they  differ;  measure  also  the  diameter  KB  at  the 
bung,  (taking  the  measure  within  the  cask) ;  th^ 
measure  the  length  of  the  cask,  making  due  allow- 
ance for  the  thickness  uf  the  heads.  Havii)jr  these 
.  dimtBiions,  you  may  calculate  the  content  in  gallons 
or  bushels,  by  the  followfaig  rule. 


i»9 

« 


RiTLK.  Take  the  diOerence  between  the  head  and  bung  diameters,  nnilti- 
ply  thisi  by  .6f  and  add  the  prodact  to  the  head  diameter,  the  atmi  w91  be 
the  mran  diametf  r ;  multiply  the  square  of  this  by  the  UTigth  of  the  cask, 
and  dividr  thi>  product  hy  •294.12 for  wioe  galloDB,  by  959.05  for  bear  galloiMi 
and  by  5738  for  bushels. 

The  quantit  V  .61  is  generally  used  hr  gutters  in  finding  the  mean  diame- 
ter of  a  cask ;  bat  if  the  staves  are  near^  straight  it  would  be  more  accurate 
to  tako  r>b  or  Iohh;*  if,  on  the  contrary,  the  cask  b  ftaU  on  the  quarter,  it 

would  be  host  to  takr  X  \  or  .65. 

ExAMPLi:.  Given  the  bung  diameter  EB=ii4.5  inches,  the  headdinmetfr 
FAbDC=S0.7  inches,  and  the  len^h  59.S  inches ;  required  Hie  number  of 
wine  gallons  this  cask  will  hold*?  The  difference  of  the  two  diameters  3-1.5, 
and  SU.7,  is  f).H  ;  this  multiplied  by  .62  pivea  2.4  nearly,  to  he  added  to  the 
head  diameter  30.7  to  ohtaiu  the  mean  diameter  33.1.  The  square  of  33.1 
Is  1095.61,  this  multiplied  by  the  length  59.3  gives  the  solidity  64969.673, 
which,  divided  by  £94.  If,  quotes  the  content  in  wine  gaHons  S10.8.         ^  • 

To  gauge  a  cask  hy  memi  of  ikelmeof  munhen  on  OmUef'i  Seak^  or  on 

tht  caliprrs  imd  oy  gnus;€rs. 

Make  marks  on  the  scale  at  the  points  17.1;"),  IP.. 95,  and  :>2.r>rl,  which 
numbers  are  the  square  roots.of  294.12,  3iy.0j,  and  £7.i8,  respectively.  A 
brass  pin  is  generally-  fljoed  on  the  calipers  at  each  of  these  points,  which  are 
called  the  gauge  pomts.  Having  prepared  the  scale  in  this  manner,  you  may 
calculate  the  number  of  gallons  or  husheh  hy  the  followinp; 

Rule.  E.xtend  from  1  towards  the  left  hand  to  .62,  (or  le.ss  if  tiie  staves 
•  l)e  nearly  straight)  that  extent  will  reach  from  the  difference  betu  ccp  the 
head  and  bung  diameters,  to  a  number  to  the  left  hand,  wliich  added  to  the 
head  diameter  jrivt-  the  mean  diameter;  then  put  one  foot  of  the  com- 
passes upoH  the  K'i"Kr  point — which  is  17.1.'>  for  wine  gallon'i,  U;.;)r>  for  ale 
gaUouH,  and  .'»si.33  for  bushels — and  extend  the  other  to  tiie  mean  djameler ; 
this  extent  turned  over  twice  the  same  way,  firom  the  length  of  the  cask,  will 
give  the  number  of  gallons  or  bushels  respectively. 

In  the  preccdinp:  example  the  extent  from  1  to  .62  will  reach  from  8.9  to 
2.4  nearly,  whicli  added  to  30.7  gives  the  mean  diameter  33.1. 

Then  the  extent  from  the  gauge  point  17.15  to  33.1,  turned  over  twice 
from  the  length         will  reach  to  iSO.8  wine  gallons. 

If  you  had  used  the  ^au^e  point  18.95,  the  answer  wouM  have  been  in  ale 
gallons  \  and  if  you  bad  used  52.33,  the  answer  would  hare  been  in  busheL(. 


SURVEY!  AG. 

LAND  is  generally  measured  by  a  chain  of  66  feet  in  length,  divided  into 

100  equal  parts  called  links,  each  link  bein^  7. 92  inrhes. 

A  pole  or  rod  is  IB.^  feet,  or  lb  links,  in  lengtlii  hence  a  square  pole  con- 
tains tlti  SQuare  feet,  or  625  square  links. 

An  acre  or  land  Is  equal  to  160  square  poles,  and  therefore  contains  485llO 
square  feet,  or  100,000  square  links. 

To  find  the  number  of  square  poles  in  any  piece  of  land,  you  may  take  the 
dimensions  of  it  in  feet,  and  find  the  area  in  square  feet,  aa  in  the  preceding 
Problems ;  divide  this  area  by  4S560,  tlie  quotient  will  be  the  number  of  acres: 
or  by  '27».23,  and  the  quotient  will  be  the  number  of  square  poles.  If  the 
dimenj^i».iis  be  taken  in  links,  and  the  area  be  found  in  sqtiare  link?,  you  may 
obtain  liie  number  oi*  acrea  by  dividing  by  100000  (that  is,  by  crossing  oif 

 ~  .  \  

#  In  ilM  ezanpie  to  PtoUm)  V.  prMtdii«  (Mh  SNf  ta  Mermwl  as  the  half  of  a  ll||fii  li  iffch 
Mavfls  perrcctlj  Mralrbl)  tlw  nraMpltar  b  oaly  41.  Mr  ikb  nuhiplied  a,  ik«  4lftwmji  SttiiRn 
AB  nd  DC,  gndmm  4W  or  4.^  nenr  ly,  which,  added  IS  f,  Md  tb«  MM  SJ.8  aquutd,  OMril^lliS  bjr  M 
and  dividetf  Vf  IM.IS  quoiCi  l    |piUoi]:>  nrartj. 
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tiic  five  right  hand  figures ;)  and  the  number  of  iqum  ^et  ma^r  bt  tlMth 
ed  bT  dividing  by 

PROBLEM  I. 

7b  find  Ihe  number  of  acres  and  poks  in  a  piece  of  land  t»  the  firm  of  a  feci* 

angular  paralUlo^niw. 

Rule.  Multiply  the  base  by  the  perpendicular  height,  and  divide  by  Ciiji 
H  the  dimemions  were  taken  b  Bukti  but  by  VJtJti,  if  tfaev  were  takn  in 
feet ;  the  quotient  wiH  be  the  number  of  poke,  which,  dinded  by  160,  w31 
givp  the  number  of  acres. 

Example  I.  Suppos*-  the  bnse  DB  (see  the  figure  of  Ex.  I.  Prob.  I.  of 
Mensuration)  of  tlte  rectangular  parallelogram  ACBD  is  60  feet,  and  the  per- 
pendicular BC  S5  feet ;  required  the  area  m  poles  ? 

The  product  of  tho  base  60  by  the  perpendicular  20  givos  thr  ronteot 
uoo  square  feet,  and  by  dividing  by  27£,2&,  we  obtain  the  answer  in  square 
poles  5.5. 

PROBLEM  U. 

7^  fiid  (kt  nmher  ofaem  and  mHu  in  apku  of  tand  in  ^fom  ofm  ob^ 
lique-angitlar  panuldogntm.  (See  the  figure  of  Prob*  I.  Ex.  IT.  of  Mfn.-  • 

suration.) 

RuLK.  This  an'-i  m'\\  he  found  in  exactly  the  same  manner  as  in  the 
preceding  Problem,  by  mulliplying  the  base  AD  by  the  perpendicular  height 
BE,  and  dividing  by  6t5,  when  Uie  dimenshms  are  tdien  in  lioln,  but  by 
S7£.'25  when  taken  in  feet ;  the  quotient  will  be  the  ansilrer  in  poles,  which 
divided  by  160  will  give  the  answer  in  acres. 

Example.   Supuose  the  base  AD  is       links,  and  the  perpendicular  BE  * 
8t6  Knki ;  requirea  the  number  of  poles? 

Multiply  the  I)ase  63£  Uoks  by  toe  perpendicular  9t6  finks,  the  produfit 
8060S£  divided  by  6t5,  gives  the  answer  in  poles  919. 

PROBLEM  III. 

T^o  Jind  the  number  of  acres  and  polts  in  a  piece  of  land  of  a  triangular  form. 

RuLK.  Multiply  the  base  by  the  perpendicular  height,  and  divide  the 
product  by  1£50  when  the  dimensions  are  eiven  in  links, but  by  04^5  when 
they  are  given  in  feet ;  the  quotient  will  be  oie  answer  in  poles. 

NoTi:.  Instead  of  dividing  by  1S50,  you  may  multiply  by  8,  and  cross  off 
the  four  right  hand  fi{;;ures. 

Exaufle.  Given  the  base  AC  (nee  fig.  of  Prob.  II.  of  Mensuration)  equal 
to  800  feet,  and  the  perpendicidar  BD  150  feel;  required  the  area  in  pows? 

Multiply  the  base  800  by  the  perpendicular  150,  tiie  product  45000,  divided 
by  544.5,  quotes  the  answer  in  poles 

PROBLEM  IV. 

To  Jind  the  numUr  of  acres  and  poles  in  a  j/iece  of  land  of  anjf  irregular 

Tigkt'limd  Jigure, 

Rule.  Find  the  area  as  in  Problem  lu.  of  Measorstira,  by  drawing  dr> 

agonals,  and  redudngthe  fi^^ure  to  triangles:  the  base  of  eSHDh  triangle  miag 
multiplied  by  the  perpendicular,  (or  by  the  sum  of  the  perpendiculars  falling 
on  it)  and  the  sum  of  all  these  products  divided  by  1£50  when  the  dimen- 
sions are  given  in  links,  but  by  544.5  when  in  feet,  will  give  the  ansa  of  the 
figure  in  poles. 

Ex  AMi'LE.  Suppose  that  the  piece  of  land  is  of  the  same  form  as  the  Hgure 
.  in  Prob.  HI.  of  Mensuration,  and  that  KB='2-i  feet,  EC  =  SS  feet,  AF=15 
feet,  BG  =  1 1  feet,  and  DH  =  12  feet :  it  is  required  to  fmd  the  area  in  poles 
.^The  product  of  EB  ft  feet,  by  AF 18  feet,  gives  double  the  triangle  EAB 
S80  square  feet  ;  nnd  the  diagonal  EC  S3  feet,  multiplied  by  the  mm  of 
.•.***V*'"^*'C"lJ»rs  BG,  DH,  t6  feet,  give?  double  the  figure  BCDE,  858  square 

.feet;  the  sum  of  this  andiStt,  divided  by  544.5  gives  the  area  t^X  or  polesv 
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parture. 

This  m«'lho«l  is  simple  atid  much  more  accuratf:  tli.in  by  projoclion,  tin* 
boundaries  being  straight  \u\e^,  n  hose  bearings  and  ien^tiis  are  known.  TiliP 
rule  for  making  tiiese  calculatitjns  h  as  follows. 

RULE. 

1 .  Begin  at  the  wiestern  point  of  the  fieM,  as  tt  (he  point  A  in  thft  Bpifts- 

Prob.  III.  of  Mensuration,  for  a  point  of  departure  ;  and  mark  down  in  suc- 
cession thf  bearings  and  lengths  of  ihe  bonntl  iry  lines  .\B,  BC,  he.  as  cours<f)t 
and  distances  in  a  traverse  table.  Find  the  corresponding  difierences  cff 
latitude  and  departure  by  TaUe  I.  or  if.  (or  bv  logarithms)  and  enter  them 
in  their  respective  columoa  N.  8.  E.  W.  as  in  the  adjoined  Table. 

2,  Find  the  defmrtures  or  meridian  distances  of  the  points  B,  C,  kc. 
from  the  point  A,  by  adding  the  departures  when  east,  but  subtracting  when 
west,  ana  mark  them  respectively  against  the  bearings,  in  the  column  of 
meridian  distance. 

a.    Place    in    the    first   \  nil\       »  '  tr  \  -.xr  !"-"iS*r 

line  of  the  column  M  the 
first  meridian  distance  16.1, 
and  hi  the  foUowing  Unes, 
the  sum  of  the  meridian 
distance  which  stnnds  on 
the  same  line  and  that  im- 
mediately above  it  Thus 
on  the  second  line  I  put 

52.1  which  is  erpial  to  the   

sum  of  16.1  and  iJG.O.   On  the  third  line  e6.«=36.u-f  30.4,  lStc7 

4.  Multiply  the  numbers  in  the  coiunm  M  by  tlie  differences  iff  latitude 
latiie  same  horiaoatal  line,  and  place  the  procniet  in  the  column  of  are|s 
marked  north  or  south,  according  as  the  difTrrrnce  of  latitiule  i.s  north  or 
south.  Thus  in  the  first  number  in  the  ci»hnnn  M  is  Ifi.l  which  multiplied  by 
the  corresponding  dilTercnce  latitude  10.1  N.  produces  the  north  area  lGii.61. 
The  second  ralue  of  M,  5ft.],  multiplied  by  the  second  difference  of  latitude 
S.1  S.  produces  the  south  an  a  loi).  n.  The  third  values  66. 2  and  19.1  S. 
produces  the  south  area  12tU.I2.  The  fourth  diflerence  of  latitude  is  0, 
which  multiplied  by  the  fourth  meridian  distance  40.4  produces  0  for  the 
corresptHiding  area,  which  is  the  case  whenever  the  bearing  is  east  or  west,  S&r. 

5.  Add  up  all  tlie  north  and  all  the  south  areas ;  half  their  Terence  will 
be  the  area  of  the  field  m  square  measures  of  the  same  name  as  those  made 
use  of  in  measuring  the  lines,  whether  feet,  links,  or  chains,  kc.  Thus  the 
sum  of  ull  the  north  areas  is  ilb.l^dt  tlie  souUi  IJTd.ik)  ;  their  difference  is 
1098,  half  of  which  is  549  square  feet  the  area  of  the  given  field. 

It  may  be  observed  that  the  bearings  and  lengths  of  tlie  boundary  lines  in 
this  example  are  not  exactly  the  same  as  those  in  Problem  III.  of  Mensura- 
tion, which  is  the  reason  of  the  ditference  in  tlie  are^  above  calculated  and 
that  found  in  Problem  III.  by  dividing  the  field  into  triangles. 

If  it  had  been  thouglit  necessary,  the  differences  of  latitude  and  departure 
might  have  been  taken  to  one  decimal  place  farther,  by  entering  the  taMe 
with  ten  times  the  length  19,  t20,  kc.  and  taking  one-tenth  of  the  corres' 
ponding  differences  of  latitude  and  departure. 

In  the  above  calculations  we  have  supposed  the  survey  to  have  been  m^dn 
with  accuracy,  in  which  case  the  sums  of  the  differences  of  latitude  in  the 
columns  N.  S.  ought  to  be  equal  to  each  other,  also  the  sums  of  the  departs 
fires  in  the  columns  E.  W.    This  is  the  case  in  the  above  examptc  whi*i1^ 
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the  «um  of  the  DifT.  of  Lnl.  is  21.2,  and  thr  sum  of  the  departure  S6.0  :  but 
it  luow.  frequently  hnp|U'iis  that  the  numbers  do  not  agree  ;  in  which  case 
ihf  work  ought  to  be  carefully  examined,  and  if  no  mistake  can  be  found, 
:ind  the  error  is  great,  the  place  ought  to  be  sun  eyed  again  ;  but  if  the  error 
be  small,  it  ought  to  be  apportioned  among  all  the  diflTerences  of  latitude 
and  departure,  in  such  matuier  as  to  produce  the  required  correction  with  the 
least  possible  changes  in  the  given  numbers.  The  method  of  doing  lliis  was 
explam^d  by  me  in  the  fourth  number  of  the  Analyst,  in  answer  to  a  prize 
question  of  Professor  Patterson,  and  is  as  follows.  Find  the  error  in  lati- 
tude, or  the  difference  In-tween  the  sums  of  southing  and  northing,  also  the 
sum  of  tilt,  boundary  lines,  AB,  BC.  Uc.  Then  say,  as  this  sum  is  to  the 
error  in  latitude,  so  is  the  length  of  any  particular  boundary  to  the  correction 
of  the  corresponding  difference  of  latitude,  additive  if  in  the  column  whose 
sum  is  the  least,  otherwise  subtractive.  The  corrections  of  the  departure 
are  found  by  the  same  rule,  except  changing  diff.  of  lat.  into  departure. 
Thus  in  the  adjoined  example,  the  sum  of  the  boundary  iioes  is  161. G,  the 
<*rror  of  latitude  is  0.10  and  of  departure  .08, 


1 

E. 

W. 

CorrvrliuDh. 

Correcttd  v«lue«. 

N. 

E. 

N. 

E. 

w. 

1  N.  460  K. 

40. 

■J.  .J8 

58.2^ 

.02 

.02 

28.30 

2B.90 

S.  30  W. 

25. 

2J.r.6 

12.50 

.02 

.01 

21.63 

12.4» 

S.   6  E. 

36. 

3aC6 

3.14 

.02 

.02 

35.84 

9.16 

W. 

2U.6 

29.60 

j02 

01 

0l02 

29.56 

!  N.au  E. 

31. 

W  13 

lO.GO 

m 

.02 

29.15 

10.62 

IGI.6 

&7.4I 

i2.02 

42.10 

.10 

67  47 

57.47 

424* 

«2.0t 

57  41 

42  02 

Etror 

.10 

V.rr«r 

08  ! 

••»nd  the  corrections  of  the  diff.  of  lat.  and  departure  are  found  by  the  foil**  w- 
ifijl  proportions  : 


ici  6  :  o.to 


Laf. 

:  40  -.Uifi* 
:       :  0.02 
.  9b  :  0.02 
:  2:».fi  •  a02 
:  SI  :  0.02 


IVn. 
:«)  OOJ 
:2S  :001 
:  96  :a02 
:  2SL6  :  OiOl 
:  91    :  a03 


The  first  correction  of  lat.  .02  i:5  to  be  added  to  the  first  latitude,  2S.£S, 
because  it  is  in  the  column  whose  sum  57.41  is  less  than  the  other  57.51,  so 
that  the  first  corrected  diff.  of  lat.  is  28.30.  The  second  is  the  difference  be- 
tween 21.60,  and  the  second  correction  .02,  because  21.65  is  in  the  greatest 
column,  the  corrected  value  is  therefore  21.63.  The  third  is  found  in  the 
same  manner  to  be  35.06 — .02=35.84.  The  fourth  corrected  difference  of 
latitude  is  simply  the  fourth  correction  .02  placed  in  the  column  N,  because 
the  sum  in  that  column,  57.41  is  the  least  and  the  fourth  diff.  of  latitude  in 
the  original  table  is  0.  The  fifth  is  the  sum  of  29.13  and  the  fifth  correction 
0.02,  making  29.15.  These  are  placed  in  their  proper  columns  in  the  cor- 
rected values.  In  a  similar  manner  the  first  departure  is  equal  to  the  sum 
of  28.28  and  the  first  correction  0.02,  which  is  equal  to  28.30.  The  second 
is  the  difference  between  12.50  and  the  second  correction  .01,  making  12.49  ; 
and  so  as  for  the  others,  taking  the  sum  wlienthe  departure  is  in  the  column 
whose  sum  is  the  least,  which  in  the  present  case  is  the  east,  and  the  differ- 
ence when  in  the  other  column.  In  the  traverse  table  thus  corrected,  th** 
sum  of  the  differences  of  latitude  is  57.47  in  both  columns,  and  the  sura  of 
the  departures  42.08.  Having  corrected  the  values  of  this  traver«ie  table, 
you  must  find  the  meridian  distances,  the  column  M,  the  nortli  and  south 
areas,  ice.  as  in  the  former  example. 

^  

*  Tbe  boanilurr  linn  in  thU  rxnmplr  arr  »o  nrnrljr  of  an  rqimi  Im^b  tliat  tbc  correction  of  the  dif- 
ffrcvce  of  InliluJe  (taken  lo  the  nf nrcM  drrininl)  i«  0  02  Tor  ruch  of  ih«'in,  but  in  cfiM'ral.  Xhry  v>  ill  b«p 
.fHifT-fcnt.  Tbe  table  of  diflVfirnce  of  latitude  and  defi«rture  niaj  be  tnadc  tue  of  in  finding  U>e«c  car* 
m  Jons,  tbn<:  iseek  in  iImt  table  till  the  Tint  term  IGt.Q  («>r  167)  U  fuund  in  tbe  diiranre  colaran  tn  cm-. 
irvj<,n,|  tn  tbe  (ccond  term  .10  (or  «0)  in  the  c!e]Mirtare  column,  thus  i>p;  o»iti-  iLc  tbini  term  40.  2A,  9*, 
tet.  vtlil  be  the  fought  c<jrr«ctioL>,  as  bevidcjii. 


Digiii/ea  by  LiOOgle 


r.  v:: :.  mocker. 


Digitized  by  Google 


Iq  projecting  a  survey  of  this  kind,  where  there  a  small  error,  you 
.must  plot  off  as  us\ml  the  boundary  lines  AB,  BC,  CD,  &ic.  and  it  will  Ut- 
found  that  the  termination  of  thfl  ia:it  line  KA  will  not  fall  exactly  in  tin: 
point  A,  but  wUI  be  at  a  point  near  It,  which  we  shall  call  a*  To  correct  thia 
error  you  must  draw  through  the  points  B,  C,  D,  kc.  lim-s  pamlli  l  to  «A. 
in  th«'  dir»Ttion  from  a  to  A,  of  siir.h  lengths  as  to  hv  to  An,  an  the  distHures 
of  those  points  reapectivelv  from  A  (measured  ou  the  boundary  ABCD«  Uc) 
«re  Id  the  whole  le&i^  orthe  boundary  line,  through  these  points  4nm  the 
«on«ctod  fifees  terminating  on  A.  Want  of  roam  prerents  enteimg  uto  far- 
ther ejqpluiation  of  the  subject. 

The  manner  o/*  surveying  Coasts  and  Harbours. 
From  wjjat  has  been  said  m  tht*  prerrding  problems,  the  intelligent  reader 
will  readily  perceive  the  method  of  surveying  a  coast  or  harbour ;  but  a<i 
(his  is  an  unportant  subject,  it  was  thought  proper  to  enter  more  fully  into 
an  explamition  4^  tlie  diftrent  methods  to  oe  made  use  of. 

J\f  take  a  draught  of  a  coast  in  saiiing  along  shore. 
RafiM  brought  tiie  ship  to  a  convenient  plaee,  from  which  the  principal 
pouita  of  the  eoast,  or  bay,  may  be  seen,  either  cast  anchor,  if  it  is  conve- 
nient, or  lie-to  as  steady  as  possible*,  or  if  the  coast  is  too  shoal,  let  the  ob- 
servations and  measures  be  taken  in  a  boat.  Then  while  the  vessel  is  sta- 
tionary, talcewith  an  atimuth  eomipass  the  bearings  in  degrees  of  such  points 
of  the  coast  as  form  the  mOSt  material  projections  or  hollows;*  write  d«)wn 
these  bearings,  and  make  a  rough  sketch  of  the  coast,  »»bservitig  carefully 
to  mark  the  points  whose  bearings  are  taicen,  with  letters  or  numbers,  for 
.the  sake  of  reference. 

nen  let  thosMp  or  boat  run  in  a  direct  Ihie,  which  mustbe  ¥ery  careftilly 
measured  by  the  log,  or  otherwise,  one,  two,  or  three  miles,  until  she  comes 
to  n  situation  from  which  the  same  points  before  observed  can  be  sr«»n  again 
witli  quite  different  bearings :  then  let  the  vessel  lie  steady  as  at  the  former 
^elation,  and  abserre  again  tlie  bearings  of  the  nmt  points,  and  make  a  rough 
*  sketch  of  the  coast ;  this  sketch  may  be  made  more  accurately  wliile  the 

vessel  is  running  the  hrise  Une. 

To  describe  tlie  chart  from  tliese  obsc^^•ations,  you  must  in  some  conve- 
nient part  of  a  sheet  of  paper  draw  the  magnetic  meridian,  and  lay  off  the 
•ivufd  bearings  taken  at  the  first  station,  marking  them  with  their  proper 
letters  or  numbers;  lay  down  also  the  hearings  taken  from  the  second  sta- 
tion. Draw  a  line  to  represent  the  ship's  run  both  iti  length  and  course, 
and  from  that  end  of  the  line  expressing  the  first  station,  draw  Uncs  parallel 
to  the  respective  bearings  taken  fhim  &at  end;  also  from  the  other  end 
draw  lines  parallel  to  the  beiirings  Uiken  at  that  end,  and  note  the  intersec- 
tion of  each  pair  of  lines  directed  to  the  same  point;  and  through  these  in-  * 
tersections  draw  by  hand  a  curved  line,  observing  to  wave  it  in  and  out  as 
near  as  can  be  like  the  tending  of  the  coast  itself.  Then  marie  off  the. 
variation  of  the  compass  from  the  north  end  of  the  magnetic  meridian  to- 
wards the  right  hand,  if  it  be  west,  or  towards  the  left  hand  if  it  be  en«t, 
and  draw  the  true  meridian  through  that  point  and  the  centre  of  the  circle. 

Against  each  part  draw  the  appearance  or  the  land  marked  in  the  sketches, 
distingubhing  the  rocky  shore,  highland,  beach,  lec  as  in  Plate  V.  or  Xf. 
Thus  the  sand  beaches  may  be  nuurked  as  in  Plate  XI.  fig.  8,  and  the  rocky 
shore  as  in  fig.  9,  kc.  Put  in  the  several  soundings  at  low  water,t  in  small 
figures,  distinguishing  whether  they  are  fatlioms  or  feet ;  show  the  time  ol* 
high  water  on  thefull  and  change  days  by  Roman  figures,  and  tell  the  rise  of 
the  tide  in  feet  The  direction  and  velocity  of  the  flood  tide  arc  to  be  ob- 
served, which  may  be  done  hy  heaving  the  log  when  the  ship  or  boat  is  at 

♦  In  MMog  the  bearings,  if  the  vwsel  has  much  motion,  the  mean  of  several  obser?a- 
tions  .should  b«  taken. 

I  If  the  HoundinsT^  wrre  not  taken  at  low  water,  they  maj  be  reduced  thereto  by  a 
methoil  which  will  ^  exi>laiued  hereafter. 
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yiu  lior,  ami  ilir  dirrction  is  to  he  rfpresnited  by  an  arrow.  Put  in  a  coiu« 
[Vd^is  and  a  scale  of  miles  or  leagues  such  as  the  vessers  run  was  laid  don  a 
hj ;  add  the  name  of  the  place»«Ad  the  latitude  and  longitude  as  true  as  can 
be  ohtnioed> 

If  thero  are  shoals  or  sands  on  the  coast,  let  thrm  bo  takrn  in  a  boat,  sail- 
ing round  them,  keeping  account  of  the  courseSt  distances,  and  somndings.* 
But  to  put  them  in  the  draught,  the  obserrer  in  the  boat  most  take  thn 
bearings  of  two  points  on  the  coast  (the  bearings  of  which  have  been  taken 
from  the  ship)  from  some  part  of  each  «and  or  slutal,  so  sailed  round ;  or, 
the  beurin;^  •"!'  the  boat  at  some  part  of  the  shoal,  or  of  some  beacon  in  that 
place,  must  be  taken  by  the  ship  at  each  . of  the  stations  where  the  bearings 
of  the  shore  were  taken  (\rom  the  ship;  for  by  either  of  these  means,  one 
point  of  tlie  sand  b«  iiig  ubtaiiird,  the  rest  of  it  can  hv  laid  down  from  the  ob- 
servations taken  in  the  boat.  Hocky  shoals  may  be  marked  on  the  chartt 
as  in  Plate  XI.  fig.  11,  and  sand  brinks  as  in  fig.  10. 

If  the  coast  to  be  drawn  Is  a  bay  or  harbour  winding  b  such  manner  that 
all  its  parts  cannot  be  seen  at  (wo  stations,  let  as  many  bases  or  lines  be  ran 
and  measured  exJictly  as  may  found  necessary,  observing  that  the  sc'veral 
distauces  run  should  join  to  one  another,  in  the  nature  of  a  traverse ;  that 
each  neir  set  of  objects,  or  points  obserred,  should  be  taken  from  two  sta- 
tions at  the  ends  of  a  known  distance,  and  that  the  objects  whose  bearinga 
are  V\kcu  do  not  so  much  cxtctid  beyond  the  limits  of  the  base  as  to  make 
angles  with  it  less  than  about  ■{  or  i  of  a  point,  but  rather  reser\'e  such  objects 
lur  the  next  measured  base  line ;  fori^wlien  lines  lie  very  obliquely  to  one 
another,  their  intersections  are  not  easily  ascertained. 

If  any  particular  parts  of  the  harbour  cannot  he  conYenientlT  seen  from 
eitlier  of  the  stations,  take  the  boat  into  those  places,  and  havmg  well  ex- 
amined them,  made  sketciies  tJiereof,  estimating  the  lengths  and  breadths 
«f  the  several  inlets,  either  by  the  rowmg  or  sailing  of  the  boat,  take  as  many 
bearings,  soundings,  and  other  n.ttt  s,  as  may  be  thought  necessarv;  then 
annex  tlie^e  pnrtio^ilar  views  in  their  proper  places,  in  the  general  draught. 

If  there  are  any  dangerous  sands  or  rucks,  besides  inserting  them  in  their 
proper  places,  you  must  see  if  there  be  any  two  objects  ashore  (such  as  a 
church,  mill,  house,  noted  cUflT,  Si^.)  which  appear  in  the  same  right  line 
when  on  the  shoal ;  and  these  objects  must  be  noted <m  your  chart  If  none 
•  an  l)e  found,  you  muyt  take  the  bearin;rs  of  some  remrirkable  points,  and 
note  iJieni  on  )our  chart;  by  which  means  it  will  he  known  how  to  avoid 
the  danger. 

It  should  be  remarked  in  tlie  draught  the  kind  of  bottom  obtained  in 
bounding,  whetlier  mud.  sand,  -Iiells.  coral,  rocky  ground,  Sic. ;  and  where 
there  is  good  anclioragc  draw  the  figure  of  an  anchor.  Also,  if  there  is  any 
nsrtlcular  channel  more  convenient  than  another,  it  is  to  be  pointed  out  by 
uhes  drawn  to  its  entrance  from  two  or  more  noted  marics  ashore.  • 

The  positions  of  objct  ts  taken  by  a  magnetic  compass  being  liable  togTMl 
uncertainties,  as  is  wdi  known  to  thosr  who  have  had  any  experience,  es- 
pecially at  sea  ;  it  has  ihtiefore  been  recommended  to  observe  only  the 
bearings  of  the  station  fines  by  the  compass,  and  then  measure  the  anglea 
which  the  other  objects  make  with  these  lines,  by  a  quadrant  Of  seHaot, 
wliloh  for  Uiis  purpose  must  be  held  in  an  horizontal  position. 

EXAMPI.K  I.    (S^-e  fig.  1,  Plate  X. 
Suppose  a  ship  at  \  obser\»'.s  (he  iM-arin^^sof  the  most  remarkable  point 
Mfa  hay,  C,  D,  E,  F,  G,  H,  and  1,  and  sails  S.  61^  fi.  i  j  miles  to  R  ;  at  H 


♦  It  fa  difficult  to  ascertain  correctly  the  courses  and  distances  sailed  by  the  boat,  on 
adCduQt  of  the  currcnta  and  other  causes.  Tbw  ineonvenienee  may  \>e  floriated  if  the 
he  at  anchur,  and  not  fnr  from  the  hor^t,  by  ohscn  iug  in  the  boat  the  bearing  of  the 
hJiip  l)y  compaM,  and  by  nicasunng,  with  a  quadrant,  the  angle  contained  between  the 
rop-caUanl-mast  hsad,  and  that  part  of  the  ship  which  fa  at  the  same  Lcigbt  as  the  eye  of 
Uic  observer  ;  for  by  this  on^-lc  the  distance  sf  the  boat  ftom  ths  ship  RMy  be  dctCM 
Hniicd,  ns  will  be  explained  in  thn  work. 
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she  also  observes  the  bearing!  of  ih»  tone  pobfs ;  benee  it  is  required  to 
eemitruct  the  chart. 

ficaring  of  C  from  B  S.  89^  F  . 

D  .  N.  48^  W. 
E  N.  84°  W. 


F  N.  1.^  K. 

0  N.  47^  E. 
H  S.  38»U'. 

1  8.  46<'W. 


BeafiiuroT  C  from  X  S.  3b-  W. 

D  N.  9^\V. 

E  Vt  9(P  E« 

P  N.  55^  E. 

H  8.  40»E. 

•     I  6.  S9<3E. 

Draw  the  line  AB,  S.  6  P  E.  I4  miles.  Through  the  points  A  and  H  fJinw 
the  linrs  AC,  AD,  AE,  AF,  AG,  AH,  Al,  BC,  BD,  BR,  BF,  BG,  BH,  and 
BI,  at  their  respective  bearings,  and  where  the  corresponding  lines  cut  each 
other,  will  be  the  points  C,  D,  E,  F,  G,  H,  and  I,  required;  through  whieh 
the  dUforent  eunraturw  of  the  land  must  he  drawn,  corresponding  with  your 
cye-draup;ht.  In  this  manner  may  a  chart  be  con^trtirfed  by  observ.itiorH 
taken  upon  the  water.  Tlie  manner  of  surveying  upon  load  is  cxacUy 
similar. 

ntrvey  a  harhomr  ly  obmrmiumB  M  tftore. 

IVIak«'  an  ejc-drau|^t  of  the  place  to  be  surveyed,  and  in  going  round  the 
coast  fix  station  staves,  or  straight  pob  s,  tall  enoii'^h  to  be  seen  at  a  consider- 
able distance,  in  the  moi>t  remarkable  points  and  tit  ndings  of  the  shore ;  but 
if  at  any  oC  those  places  there  is  a  notea  tree,  house,  or  any  other  renarlnible 
thing,  that  object  may  serve  instead  of  a  station  stafT;  and  it  will  be  con- 
venient to  black  the  staves,  and  tie  a  piece  of  an  hite  bunting  at  the  top  of 
each  ;  tlien  in  the  eye-drau^lu  put  letters  or  numbers  at  the  noted  points  or 
marks  fur  the  sake  of  distinction. 

CiMOse  the  moist  e!Ctensive  and  level  spot  of  ground  you  can  meet  with  to 
measure  your  base  line  upon,  wlilch  should  not  be  less  than  a  tenth  part  of 
the  flistance  of  the  two  extreme  object^  which  are  to  be  observed  ;  and  let 
the  direction  uf  the  measured  base  luie  be  such,  that  as  many  of  the  sta- 
tion staves  as  posrible  may  be  seen  from  each  end  of  it.  The  bearing  or 
position  of  this  base  must  be  well  determined  in  degrees  and  mhrntes,  and 
the  length  accurately  measured,  either  by  a  measuring  chaio  or  a  piece  of 
lo^-line.  . 

From  each  end  of  the  base  ob?erve,  with  an  azimuth  compass,  or  with  a 
Theodolite,  if  it  can  be  procured,  the  bearings  of  each  of  the  station  staves ; 
•or  else  witli  a  sextant  measure  the  aiiplcH  ctuitained  l)etween  the  staves  or 
remarkable  objects,  and  the  other  end  of  the  station  line,  and  write  them 
doivn  in  order  in  your  book.  These  measures  and  angles  being  plotted 
down  as  before  directed,  will  give  the  most  coospicnoas  points  of  me  riiore, 
the  iDtennediate  spaces  are  to  be  filled  up  from  the  sketches  made  on  the 
spot. 

But  if  either  of  tiiese  objects  .'-liould  spread  on  either  hand  so  far  beyond 
the  limits  of  the  base,  tiiat  at  either  end  thereof  the  other  end  and  tho^e 
objects  should  appear  nearly  in  the  same  direction,  or  to  make  angles  not 
exceedmg  10^:  or,  if  some  of  the  remarkable  objects  could  be  seen  only 
from  one  end  of  the  base;  then  let  the  bearinj^s  of  «uch  objects  be  triken 
from  a  pkice  w  hose  position  has  been  determined  from  both  ends  of  the 
measured  base  ;  or,  if  there  are  several  lemarked  objects  which  cannot 
be  seen  from  either  end  of  the  base  lines,  let  the  bearings  of  such  objects  be 
taken  from  each  of  two  points  whose  positi  <iis  have  been  determined  by 
bearings  taken  from  both  ends  of  the  basie,  or  it  iiny,  011  suiiie  occasions,  be 
proper  to  choose  another  place  on  whicii  another  base  i  f  a  couvenitnt  length 
may  be  measured,  and  from  the  extremities  of  which  the  ends  of  the  first 
base  may  be  sren  ;  and  as  many  as  can  be  of  the  reniaiiiin;;  objects  which 
lay  too  ohli(pu'ly,  or  which  couUl  not'be  seen  fnnn  the  fu^t  base.  In  such 
manner  proceed  until  the  bearings  are  taken  of  ail  the  points  judged  neccs' 
sarr  for  completing  the  survey  of  the  fimits  of  the  harbour. 

If  a  rij;ht  hne  of  a  su/Ticient  length  for  a  base  line  cannot  be  measured,  it 
may  he  taken  in  two  adjoining  lines  ns  the  two  ><i(lc3  of  a  lri;Mip;lc,  the  tU- 
c  iudvd  angle  being  accurately  taken,  and  the  bearing  of  either  line. 
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When  the  outlines  or  limits  of  a  harbour,  bay,  road,  kc.  are  delineated, 
by  the  preceding  precepts,  let  a  small  vessel  go  out  to  sea  to  take  drawiogn 
of  the  afipewaiiee  of  the  land  and  its  bearingi ;  nil  UlcewiM  inte  the  harboar, 
and  draw  the  appearance  of  its  entrance ;  take  particular  notice  if  there  be 
any  false  reseniblanoe  of  the  entrance,  f>y  which  ships  may  be  deceived 
and  run  into  danger ;  or  w  hen  an^  two  objects  being  brought  in  a  line,  or  in 
one,  will  leafi  into  the  harbotir  without  danger;  search  ^jhe  heat  anchor^ 
ing  places,  and  if  possible,  denote  those  places  by  brinfpng  two  objects  in  one, 
if  not,  take  the  exact  bearings  of  two  or  three  other  ohjeets,  so  that  th»" 
places  may  be  easily  determined.  The  chart  being  correctly  drawn,  a  com- 
pass, with  the  variation,. and  scale  properly  fitted  to  the  plan,  the  islands, 
rocks,  aandbh  tec.  nuist  be  marked  in  thetf  proper  places,  with  their  found- 
ings at  low  water,  the  am-horinp;  plice^.  with  the  best  track  to  get  tO  them ; 
the  proper  sailing  marks  to  avoid  ilanfjer-  ;  the  places  where  fresh  water  can 
be  got ;  the  name  of  the  pinrt .  the  country  in,  on  what  sea  ;  the  latitude  and 
longitudhr  a  sketch  of  the  appearance  the  place  makes  at  sea  upon  a  known 
bearing,  and  at  an  estimated  distance ;  and  whatever  else  a  judicious  seaman 
shall  think  proper  may  be  in^^erted.  Then  will  the  plan  be  fit  for  all  nautical 
purposes,  and  may  be  embellibhed  with  prnper  colours  if  necessary. 

EXAMPLE  11.  (See  fig.  2.  Plate  X.) 
From  each  end  of  a  base  line  AB  of  1£00  fathoms,  were  observed  the 
points  C,  D,  E,  F,  and  O ;  and  as  the  points  I,  K,  and  L,  were  not  risible 
from  the  extremities  of  the  base  line,  another  base  line  was  measured  from 
the  point  D  t(»  H  of  fif/O  fa!hnm«j,  from  which  points  the  bearings  of  I.  K. 
and  L,  were  observed :  hence  it  is  required  to  construct  a  chart  of  the  place. 

iiesung  of  B  from  A  East 

C  North. 

D  N.  E.  b.  N. 

E  N.  E.  i  N. 

F        N.  E.  b.  E.  4  E. 

G  E.  b.  N.  i  N. 

]»eaving  of  U  fima  D         N.  W. 

I  N.  b.  W. 

K  N.  b.  E.  h  E. 

I.  N.  N.  £.  i  E. 

Draw  the  cast  line  AB=1200  fathoms;  from  each  end  of  this  line  dra»v 
the  lines  AC,  AD,  AE,  AF,  AG,  BC,  &:c.  at  their  n  spective  Ijearinj;^  the 
Aoints  of  intersection  will  ^ive  tlie  j)uints  C,  D,  £,  F,  and  G.  From  the  point 
D  (which  was  fisund  in  this  manner)  draw  the  N.  W.  IhieBHaiSM  (kthoraa: 
and  through  these  points  draw  the  lines  DI,  DK,  DL«  HI,  be.  at  their  re- 
spective bearings ;  the  points  of  intersection  of  the  corresponding  lines  will 
be  the  situation  of  the  points  I,  K,  L.  Between  these  remarkable  points, 
•draw  the  outlines  of  the  land,  conformable  to  your  rough  draught. 

In  onler  to  determine  the  situation  of  the  point  M,  which  was  seen  too 
obliquely  from  the  bases  AB,  DH,  you  may  take  the  hearing  of  that  point 
from  B,  and  then  from  G  (whose  situation  has  been  determined  by  bearinp;s 
taken  from  the  points  A,  B,)  the  iutersectiuu  of  the  lines  BM,  GJVl,  will  de- 
tcmkie  the  situation  of  M. 

Method  of  tvTveyini^  a  small  himk  or  tleof  uihen  gnat  aeeuracy  is  required. 
The  method  of  determining  the  extent  and  situation  of  shoal  ground  by 

sailing  round  it  and  keeping  an  account  of  the  courses  and  distances  sailed, 
\<i  well  adapted  to  the  taUinj^  of  an  extensive  survey,  or  td  the  rvploring  <>f  a 
large  bank,  where  great  accuracy  is  not  required  ;  but  ttie  dilhcully  of  as- 
rertabiing  with  precision  the  courses  and  distances  sailed  (which  are  liaUo 
to  error  on  account  of  the  tides,  currents,  and  the  different  velqcity  of  the 
boat  at  diflerent  times  owing  to  the  unstea<li(u  sH  of  the  wI  mI)  prevents  this 
method  from  being  «uificienlly  accurate  to  he  used  in  exploring  a  dangerous 
ahoal  or  bank  at  the  entrance  of  a  narrow  channel  of  a  haibour,  or  any 
other  place  where  the  exact  form  of  the  shoal  is  to  be  found ;  and  if  to  ob* 


Bearing  of  Q  from  B  N.  W.^  ^ 

B  North. 

P  N.  b.  K. 

O  N.  E. 

Bearing  of  1  fross  U  N.  E.  by  N. 

K  N.  £.  ^  £. 

It  £•  N*  £• 
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tain  the  nprpsf:ary  (^ojrrro  of  rorrrctnps«»,  tlir  henrinp:^  of  tw«»  romarlcable 
objects  were  taken  at  every  time  of  sounditijj.  the  time  expended  in  takiri'^ 
the  observations  would  be  increased  beyond  all  reasonable  bounds.  To  oh- 
viitB  tbeie  diffieultiai.  tiM  foUowing  methods  nay  be  made  we  by  either 
of  which  the  necessary  obeerrations  for  determining  the  situatioD  of  the  boat, 
nay  be  made  as  fast  as  the  soundpgs  can  be  taken. 

Fint  Method.  Procure  a  large  sail-boat  with  a  hi{;h  mast,  and  a  smnll 
row-boat ;  bring  the  sail-boat  to  anchor  on  the  bank  which  is  to  be  explored, 
and  take  accurately  the  bearings  of  two  remarkable  points  of  land,  or  other 
objects  whose  situation  has  already  been  determined  by  observaUons  taken 
on  shore,  or  hi  saWog  along  the  land ;  by  this  means  the  situilion  of  the  sail- 
boat may  be  accurately  marked  on  the  chart ;  then  enter  the  small  boat  and 
row  from  the  other  in  any  particular  direction,  observing  to  keep  the  ma?t 
of  the  boat  to  bear  upon  any  point  of  the  compass,  or  (which  is  much  morr 
accurate)  to  keep  the  mast  of  the  boat  to  range  on  any  particular  point  of 
laod,  or  other  object  marked  on  the  chart ;  by  these  means  any  errors  wbMl 
n^^ht  arise  in  the  course  of  the  boat  will  he  entirely  preventea.  While  pro- 
ceeding in  this  direction  let  one  person  take  the  soundinp^s,  while  another  ob- 
serves with  a  quadrant  or  sextant  the  angular  elevation  of  the  top  of  the 
boat* s  mast  abote  the  horiiontal  Kne  drawn  from  the  eye  of  the  obsenrer, 
and  a  third  person  notes  tiie  ohserrations  In  the  minute  book,  uid  the  time 
of  observation,  in  ordf*r  to  m:jkc  the  n«*cec««ary  reduction  in  the  soimdings  to 
reduce  them  to  low  water.  Proceed  in  thi-^  manner  from  the  9ail-boat  till 
you  get  off  the  bank  into  deep  water,  or  till  the  elevation  of  the  mast  is  not 
tainch  less  than  one  degreei  then  row  across  the  bank  till  the  bearing  of  the 
mast  is  altered  considerably,  or  till  it  appears  in  a  range  with  another  point 
of  land  at  a  considerable  angular  distance  from  the  point  with  whicn  the 
mast  ranged  in  the  first  observations  ;  then  row  towards  the  boat,  sounding 
and  observing  the  angular  elevation  of  the  mast  as  before.  Proceed  in  this 
manner  In  somding  to  and  from  the  sail-boat  till  you  have  procured  a  suffi- 
eient  number  of  soundings  in  every  direction.  Then  go  on  board  the  sail- 
boat anw*  «hift  her  birth  to  another  part  of  the  hank  where  soundings  have 
not  been  taken  and  proceed  to  sound  as  hefon^  Continue  sounding  and 
shifting  the  situation  of  the  boat,  till  the  whole  bank  has  been  explored,  and 
then  toe  dbsenrations  may  be  plotted  off  by  the  dhectloni  In  iSb%  following 
example. 

Let  AHC  (Plate  XI.  fig.  1.)  be  the  m:t«1  of  the  sail  boat,  D  the  «!ituation 
of  the  eye  of  the  person  who  observes  the  anj^idar  elevation  of  the  mast. 
Draw  the  line  DB  parallel  to  the  horizon  and  ioin  DA.    Then  the  height 
AB  must  be  measnred*  accurately,  and  tiiat  be  ing  given  and  the  observed 
angle  ADB  th<>  corresponding  distance  BD  may  be  obtained  by  the  usOal  rules 
of  trigonometry  by  saying  as  radius  :  AB  :  :  co-tangent  ADB  :  BD-  Thus  if 
the  height  AB  was  30  feet,  and  the  angle  ADB  1°,  tne  distance  BD  would  be 
1719  (bet  (being  &7,S  times  a*}  great  us  AB).   The  distances  corres- 
ponding to  so,  90,  ite,  are  given  in  the  a<^ioined  table,  by  connin- 
ing  which  it  will  appear  that  the  distance  BD  corresponding  to  any 
angle  ADB  (less  than  ^iP)  may  be  obtained  nearly  by  dividmg  1719 
by  the  angle  ADB  in  degrees.    Thus  for  4  degrees  the  distance  by 
due  rule  would  be  *  y  •  ss420|,  nearly,  as  in  the  table.  The  great- 
est dVerence  bettmentht  dSstancea  detcmiocd  by  the  mle  and  by 
the  table  beuig  9  feet,  corresponding  to  the  angle  80^,  for  >  |i*  =r 

;  whereas,  by  the  table  the  distance  is  52.    In  taking  soundings;  — 
hy  this  method  it  will  be  very  rarely  necessary  to  measure  an  an-i — 2J — rf 
gle  so  great  as  30^,  so  thai  for  all  practical  purposes  the  distance  may  be  de- 


•  A  mark  mav  Ije  made  at  B,  and  a  vane  place*!  at  ihe  lop  of  thr  ms*t  at  A.  to  enablr  th^  oh-frr- 
«r  10  fJ  •.t:n^'ni^ti"  tboie  olO«ctf  when  nl  n  great  dUtnncc  If  thr  ht-i^lit  i)f  ihr  ob<i<TTcr  i»l>ove  the 
•wrfsoa  be  »in»U  io  can|jarUoa  to  the  hrtglit  of  tlie  mart,  Uh-  nnpulur  distanr"  AI»K  beiwern  th.* 
mu  tmtm  ol  tbe  »en  and  (tie  lop  of  the  boat**  mnM  might  lie  B)rn>^ur<  d,  in,te;id  of  ADB  ;  for  if  thr 
JhlMni  BC  Md  CE  rrwahiid  lb*  «8ir  ia  all  gdamrMkNia,  ll  v  ould  be  imaiairrial  whlcJi  avfle  wn 
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ttTiiaiieil  in  lliis  cxuiupic  to  a  sufficient  degree  of  accuracy  by  dividing  1719 
by  the  observed  angular  elevation  in  dennees.  On  these  principles  we  have 
the  foUowiim  rule  for  calculating  the  distance  correspoirauig  to  a  nmt  of 
any  giveo  height,  and  to  any  observed  angular  elevation. 

Ruu.   Multiply  the  height  of  the  matt  above  the  tyc  of  the  vhtefter  by  &7.5« 

ami  the  product  will  be  a  amstant  quantity*  which  being  divided  by  the  oi- 
!(rrvcd  angle  of  dnation  cj-pina^rd  in  drirreet  and  dedtnoU  of  a  degree^  the 

fjtiotient  will  be  the  sovght  dist<jnci  nearly. 

If  the  height  of  the  mast  be  e\])ressud  in  equal  parts  taken  from  tlie  scale 
by  which  the  chart  was  plotted  uM',  the  distances  found  by  the  above  rule 
would  be  expressed  in  the  same  equal  parts ;  so  that  if  the  distances  thua 
eiprt'sscd  correspondiiif;  to  1*^,  2^,  3'^,  &,c.  were  calculated  and  marked  on  a 
slip  of  paper  (fig.  2,  Plate  XI.)  from  H  to  P,  from  H  to  2^  from  H  to  3"^,  See. 
respectively,  the  slip  H  1  thus  marked,  would  be  a  very  convenieut  scale  fpr 
plotting  oif  such  distances. 

Fur  further  Ulustratitui  of  tUs  method,  we  have  given  an  example  in  fig. 
4,  Plate  XI.  in  whicii  ('  rp|)r«*3ents  tho  phicf  at  wluch  the  sail-l)oat  was  at 
anchor,  A  and  B  the  pcjiiits  obser\ed,  in  ordt  r  to  ascertain  her  position  on 
the  chart,  t>y  drawing  thereon  the  lines  AC,  BC,  in  opposite  directions  to  the 
bearings  of  the  points  At  B,  observed  from  the  boat ;  for  the  point  of  inter- 
section C  will  evidently  be  thi'  place  of  the  boat  upon  the  chart  Suppose 
now  that  in  the  first  set  of  observations  the  mast  of  the  sail-boat  was  made 
to  range  on  the  point  A,  in  this  case  the  course  of  the  boat  must  be  on  the 
continuation  of  the  line  AC  towards  D,  then  the  slip  H  I  (fig.  i,  Plate  XI.) 
is  to  be  laid  upon  the  line  CD  (fig-  4,  Plate  XI.)  with  the  point  H  upon  C,  and 
the  angular  elevation  being  found  on  the  slip  tlie  sounding  corresponding  (re- 
duced to  low  water)  is  to  be  marked  on  the  line  CD,  immediately  under  the 
mark  on  the  slip*  Thus  if  the  angle  was  4^,  the  point  corresponding  would 
be  G.  Having  plotted  olT  the  soundings  taken  in  the  direction  CD,  proceed 
in  the  same  nuinner  with  the  others,  viz.  those  \n  the  dircelion  CE  found  by 
keeping  the  boat's  mast  in  a  range  with  the  church  at  H.  those  iti  the  direc- 
tion CF  found  by  keeping  the  boat's  mast  in  a  range  witli  llie  poiut  B.  tliose 
in  the  direction  CA.  found  by  keeping  the  mast  to  bear  E.  N.  E.  and  so  on 
with  the  otlier  ofaeervations ;  and  when  all  the  soundings  are  marked  on  the 
chart,  dotted  lines  are  to  be  made  round  the  shoal  soundings*  and  thus  the 
true  figure  of  the  shoal  part  of  the  bank  will  be  obtained. 

This  method  I  have  frequently  used  in  taking  a  wrmBj  of  the  part  of  the 
coast  of  Massachusetts*  Bay,  included  between  Manchester  and  t$fwa.  The 
height  of  the  mast  of  the  boat  used  on  the  occasion  was  about  SO  feet,  and 
it  was  found  that  distances  less  than  a  third  of  a  mile  could  be  obtained  in 
this  manner  to  a  great  degree  of  precision. 

Second  Method.  This  method  of  determining  the  place  where  soundings 
were  taken  conMs  ni  keeping  (while  saifing  in  a  boat  and  sounding)  a  par* 
ticular-pointof  land,  or  any  other  object,  to  bear  always  in  the  same  direc*> 
tion,  and  measuring  with  a  quadrant  or  sextant  held  in  a  horizontal  position 
the  angular  distance  between  that  object  and  another  object  (making  a  con- 
siderable angle  with  the  former)  for  by  this  means  the  situation  of  the  boat 
«t  the  time  of  sounding  may  bo  determined.  Instead  of  bringing  the  object 
to  bear  upon  a  pnrticiilar  pohit  of  the  compnas,  yon  amy  (whiNi  it  can  be 


iwwiiiiil  1  iitwiiuli  hwmr  thai  dlAsnt  mSIm  mm  fm  hmmI  Ik  phmlnf  off  ite  aaglM  AOl 
and  ADS. 

If  ABrepraMmedtMlnltnnifSttlcillHlfMar  IhtMflHrii  •r«aMndahav«  ll«^«r-«B 
cr,  ibe  dUiaoce  from  the  UUnd  arffM  to  detmriMd  fey  nuMriof  itmemfpOar  ilwii—  ADB^  aiiicvl* 

dent  rrtim  what  hat  tie«n  said  nhove. 

•  Thi^  ctinstant  i|iiHntity  may  bo  drtermlned  without  arttwlly  irnmsitrinp  lUe  ultitnrfe  AB, if  tkc Mf*- 
Ur  HcvDiInn  can  b«  inca>uictl  .-It  a  place  I)  where  ih'«  di^t.'xnci' BH  is  known.  Tha«  b  flie  esMBfAs 
rl'Ute  XI.  ft?.  4)  the  diKtance  AO  beiiif  koown,  ami  ih.-  .inL  iilrtr  t-levmion  of  the  mnM  nt  C  b^in^  ot»»en^ 
cd  at  A  in  degrees  mxl  decintals  of  a  Of^grw,  nnd  inulliplied  bv  tb*  diftAttce  AC,  tbe  product  will  be  tb* 
niaalAnt  qunniily  ni'-iMioii.  ti  in  ilif  riil<>.  Tlii,  mrlbod  m^TDeWtla  deMnUaSaf  Uw diMauei  finMH 
AO  island  \>y  Uic  mctbod  lavoOuMtl  io  tlie  lul  note. 
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ione)  Mag  the  object  in  a  range  with  another  remarkable  objeet*  and  by 
tbis  mpans  you  WW  avoid  the  error  which  might  arise  from  the  use  of  a 

compass. 

For  au  example  of  this  method,  suppose  liiat  a  survey  of  the  small  island^ 
At  B,  K«  (Plate  XI.  fig.  8)  and  the  large  one  CHO  bad  been  taken  and  plot- 
ted off  as  in  the  figure.  Then  .snundiiigs  may  he  taken  in  the  direction  BCD 
hy  f)rinp;ini:  the  stnall  island  B  in  a  ranp;«  with  the,  southern  part  of  the  preat 
island,  aiid  mea^juriiig  the  angle  CDG  formed  b^  the  extremes  of  the  great 
island ;  or  by  keeping  the  snudl  island  A  to  range  with  the  northern  ]>art  of 
the  great  island,  and  measuring  the  ang;Ie  HIK  formed  b^  the  northern  ex- 
treme of  that  island,  and  t!i<*  small  islaml  K  :  or  hy  running  in  the  direction 
KL  so  as  to  keep  the  island  K  to  bear  W.  4  S.  and  measuring  the  aiig|fc 
formed  by  that  island  and  tht  northern  extreme  of  the  crest  tslandt  Uc, 

The  method  I  have  generally  used  for  plotting  oflT  such  angles  is  by  meidh 
of  a  sector  ;  and  as  that  instrument  1*^  more  easily  procured  than  others  bet* 
tcr  adapted  to  the  pur^mse,  I  shall  e  xplain  tlie  method  hy  showing  how  thie 
an^le  CDG,  measured  as  above,  may  be  plotted  oil'  so  as  to  determine  th<^ 
point  D  where  that  angular  distance  was  obsenred.  To  do  this,  you  must 
draw  the  line  DC,  and  open  the  sector  till  the  two  Ices  form  with  each  other 
an  angle  erpial  to  the  observed  an-^le  CDG,  then  slide  one  leg  of  the  sector 
on  the  line  DC  till  the  uther  leg  touches  the  northern  extreme  of  the  island 
at  the  point  O*  and  the  point  directly  under  the  centre  of  tiie  joint  of  the  see- 
tor  will  be  the  point  of  observation  :  as  this  point  cannot  be  exactly  marked 
on  account  of  tliesize  of  the  joint  of  the  instrument,  you  may  mrirk  with  a. 
pencil  on  the  line  DC  the  tou  points  where  the  arcumference  of  the  joint 
touches  that  line,  and  note  die  sounding  in  the  middle  between  those  two 
marks. 

If  a  quadrant  of  a  circle  he  described  on  a  ]\\vrr  of  paper,  with  a  radiift 
equal  in  length  to  one  of  the  legs  of  the  secttir,  and  then  divided  into  90^, 
toie  sector  may,  by  means  of  that  quadrant,  be  opened  to  any  angle  in  a 
very  expeditious  manner. 

This  method  of  obtaining  distances  when  soundlogi  I  hare  frequently  nM 
nitb  success. 

mhee  tomimgt  iokm  ai  <mg imt  of  tike  Hie  feists  wafer. 

The  soundings  at  low  water  are  always  to  be  marked  on  a  chart,  and  \f 

they  are  taken  at  any  other  time  of  iht"  tide,  a  proper  alloAvance  must  he 
made  to  reduce  them  to  low  water.  This  allowance  may  he  made  if  the 
whole  vertical  rise  of  the  tide  from  low  to  high  water  be  known,  and  Ihu 
time  of  high  and  low  water,  as  in  the  following  example. 

Suppose  the  vertical  rise  of  tide  from  low  to  hi;:;h  water,  to  he  10  feet,  the 
time  of  low  water  5h.  A.  M.  and  the  time  of  hiiih  w;itt  r  llh.  30ra.  A.  M«  ; 
required  the  allowance  to  be  made  on  an  observation  taken  at  8  A.  M.  ? 

Draw  the  line  AC  (Pkile  XI.  fig.  5)  and  make  it  equal  to  the  whole  riMi 
of  the  tide  10  feet,  ta)ien  from  any  scale  of  equal  parts,  and  divide  the  Hno 
Into  equal  parts  representing  feet,  at  the  points  1,  3,  &cc.  to  10,  the  mark 
10  (corresponding  to  the  whole  rise  of  the  tide)  being  at  the  point  C,  and 
through  these  points  draw  lines  11,  2£,  33,  Uc.  peipendicular  to  AC«  to 
meet  the  circumference  of  a  circle  drawn  on  the  diameter  AC.  Divide  thff 
semi -circumference  ABC  of  that  circle  into  a  number  of  equal  parts  repre- 
sentitig  tJie  number  of  hours  elapsed  from  low  to  liigh  water,*  which  in  thris 
case  is  U4h.  the  hour  of  low  water  being  marked  at  A,  and  that  of  high  wa^ 
ter  at  C,  the  uitermedlate  hours  being  nuurked  in  succession  as  in  the  ngnre ; 


*  Tbts  dlvifinn  of  tb*  •emi-cirrle  mny  he  mnde  hy  roeao*  of  ■  line  of  cbordl.  l>tl— of  degfMt 
Trnmpomliii),'  t<»  ooe  boar  bein?  louml  by  s-iyinp,  as  the  wlwlc  clapMd  tlm*  ftua  tovto  hi^fc^igjgf 
tiouDi;     in  I  "0"  «r>  is  one  tMiiir  to  ttii-  nrch  C'>ne%\M,ntllogVti  hoW  Zl*  IS*,  wMdl  Me(  tHMI^pil 

A  hat  cH  cbuxiU  uid  laid     frtiw  ^ta.  will  reucb  lo  6b.  kc. 

E  e 
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thcto  any  hour  being  found  on  the  arrh,  the  number  of  the  line  drawn  per^  * 
prndirular  to  AC,  and  passing  through  the  hour,  will  represent  nearly  Ihe 
number  uf  feet  to  be  subtracted  from  a  sounding  taken  at  that  time  tu  re« 
duee  that  sounding  to  low  water.  Thus  liie  noulier  of  feet  eonmonding 
to  8h.  is  between  4  and  5,  because  the  mark  8h.  falls  betweoi  tne  lines 
marked  4  and  5,  so  thai  the  reduction  between  4  and  5  feet,  on  soundings 
taken  at  8  A-  M.  to  reduce  them  to  low  water  on  the  day  of  observation  ; 
and  if  un  that  day  the  tide  does  not  ebb  so  much  as  on  a  spring  tide,  the  re- 
duction must  be  inereaaed  by  the  difference  in  the  ebbing  of  no  tirO'tiiea. 
Thus  if  on  the  day  of  ohs.  rvation  the  tide  did  not  ebb  so  much  by  two  feet 
as  on  a  spring  tide,  the  reciuclion  corre„sponding  to  8h.  ought  to  be  increased 
two  feet,  and  would  therefore  be  between  6  and  7  feet.  Allowance  mav  be 
made  for  tfaia  by  incfouing  the  number  of  feetmaHMd  in  fig.  9,  bf  merking 
2  feet  at  Ay  S  feet  at  1,  4  feet  at  S,  tie.  as  if  evident. 

TV)  nduce  a  DnmgKt  to  a  swudler  Scale. 

With  a  black-lead  pe'ncil  draw  on  ihr  draught  to  be  roducpd.  cross  llnc«f, 
forming  exact  squares,  and  on  the  clean  paper  for  the  copy  draw  the  same 
number  of  squares,  nuJdng  their  sides  larger  or  smaUerin  proportion  to  the 
intended  size  of  the  scale,  such  as  4,  .i,  &.c.  the  length  of  tne  other ;  distin- 
puish  by  a  stronger  mark  every  fifth  or  sixth  row  of  squares  in  both,  so  that 
tlie  several  corresponding  squares  may  be  readily  perceived  ;  Uien,  in  each 
of  the  squares  of  the  draught,  draw,  by  the  eye,  a  curve  on  the  paper,  simi- 
lar to  that  in  the  square  of  the  copying  draught,  till  the  whole  is  copied  ; 
when  the  black-lead  lines  may  he  nibbed  out  with  bread  or  india  ruber. 

A  chart  may  also  bo  reduced  in  the  following  manner  :  thus,  suppose  you 
would  reduce  a  chart  in  the  ratio  of  the  line  MN  (Plate  XI.  fig.  6)  to  HI. 
Draw  the  line  AG,  which  make  equal  to  HI,  upon  A  as  a  centre,  describe  the 
arch  CF,  and  make  the  chord  CF=MN,join  AF  ;  then  if  you  take  any  dis- 
tance, AH  you  wish  t<>  reduce,  and  upon  A,  as  a  centre,  describe  an  arch  BD  ; 
the  chord  liD,  intercepted  by  the  lines  AC,  AF,  will  be  the  reduced  distance 
correspondinfr  to  AB.  This  reduced  distance  may  also  be  obtained  by  an- 
other method,  which  is  more  simple  than  the  former:  Take  any  extent 
from  the  larpi*  chart,  which  is  to  be  reduced  to  a-smaller  scale,  and  apply  it 
from  A  to  O  (Plate  XI.  fig.  7)  :  take  in  your  compasses  tlie  corresponding 
distance  on  the  small  chart  and  with  one  foot  in  O  sweep  an  arch  P  ;  draw 
the  line  AF  just  touching  the  arch  in  P ;  then  if  you  take  any  distance  from 
the  great  chart,  and  apply  it  from  A  to  R,  and  at  the  point  R  sweep  an  arch 
Sto  touch  the  line  AP ;  the  extent  R$  will  be  the  reduced  distance  corres- 
pendiiig  to  the  line  AR. 


OF  WiJVDS. 

THR  earth  is  surrounded  by  a  fine  invisible  fluid,  called  Air,  which  by  iu 
weight  is  capable  of  supporting  the  vapours  raised  by  the  sun,  and  by  its 

ela>ticityi8  capable  of  expanding  or  spreading;  itself,  so  as  to  fill  up  alei<ger 
space.  When  the  elasticity  of  any  portion  of  the  air  ischnnpred,  by  the  heat 
of  the  sun  or  by  other  causes,  the  neighbouring  parts  are  put  in  motion  to 
restore  the  eouilibrium;  in  this  manner  a  current  of  air  is  formed,  railed 
theff'iW,  whicii  b  distinguished  by  several  names,  viz.  trade  winds, ummisooiMv 
variable  winds.  Sec.  The  trade  trinds  blow  constantly  from  the  same  part  ; 
the  mon»wm$  blow  half  the  year  oneway,  and  half  the  other;  and  thetwuj- 
Ue  winds  are  such  as  blow  without  any  regularity  either  as  to  time,  olace, 
or  direction.  The  following  observations  on  the  wind  have  been  mirae  by 
Dr.  Halley  and  others. 

There  are  constant  trade  winds,  blowing  from  tlie  east,  in  mo?t  parts  of 
the  AUaiitic  and  Pacific  Oceans,  between  the  latitudes  of  HO^  JN.  anddO^  S. 
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Near  the  northern  limits  of  these  winds,  they  blow  betwe<»n  the  north  nxid 
east ;  and  near  their  southern  liniita,  betweeu  the  south  and  east. 
In  tiw  Atlantie  Ocean,  at  about  100  1m|;ims  from  tho  cont  of  Africa,  bo- 

tw-ren  the  latitudr->^  of        ^  |^  Qortfat  thOfO  »  gCOOIolly  ft  froih  gftlo  of 

niad  blowing  from  the  N.  E. 

Those  bound  to  the  Caribbee  Islands  across  the  Atlantic,  find,  as  thev  ap- 
proach tho  AiDOffieaii  rido,  that  tiie  If .  E.  wind  becooMi  eaaterly,  or  •aUom 

blows  more  than  a  point  from  the  east,  either  to  the  northward  or  southward. 

These  trade  winds  on  the  American  side  are  sometimes  extended  to  30^, 
Sl^,  or  even  to  82^  of  north  latitude,  which  is  about  4*^  farther  than  what 
they  extend  to  on  the  Afriean  aide ;  abo  to  the  soothward  of  the  equator, 
the  trade  winds  eitend  Sor  4  degrees  farther  towards  the  south  on  the  coasf. 
of  Brazil  on  the  American  ado,  than  thaj  do  towards  the  Cape  of  Good 
Hope,  on  tlie  African  side. 

But  we  must  not  conclude  th^t  the  above  limits  are  without  exception ; 
fiMT  both  thahr  aztnit  anddirectioii  vary  considerably  with  tlie  season  of  the 
year.  When  the  sun  approaches  the  tropic  of  canrrr  the  S.  E.  trade  winds 
prevail  farther  to  the  northward  of  the  line,  and  incline  more  to  the  south- 
ward of  S.  E.  and  the  N.  E.  trade  wind  inclines  more  to  the  eastward  ;  and 
the  eoalvaiy  at  the  oppoeito  season  «f  tiie  year. 

On  the  African  coast,  from  Cape  Blanco  to  Sierra  Leone,  the  winds  in  ge- 
neral blow  from  the  north,  inclining;  from  the  westward  rather  than  from  the 
eastward.  From  Sierra  JLeone  to  Cape  Palmas,  the  ordinary  course  of  the 
winiBiB  frouW.  IV.  W.  and  beyond  C;ape  Paknas,  at  hr  as  foo  aoiilfa  lati- 
tude, from  S.  W.to  S.  inclining  more  to  the  southwaidor  westward  accord- 
ing to  the  particular  situation  or  bearing  of  the  shores  and  lands.  And  the 
part  of  the  ocean  extending  alon^;  this  coast  to  the  distance  of  80  or  100 
leacues  from  the  shore,  is  much  more  troubled  with  frequent  calms,  and 
wim  sudden  and  violant  gusts  of  wind,  Imown  by  the  name  of  Toinadoas, 
which  blow  from'  all  parts  of  the  horizon.  The  reason  of  this  change  in  tiivt 
direction  of  the  trade  wind  near  the  land  is  probably  owing  to  the  nature  of 
the  coast,  which  being  violently  heated  by  the  sun,  rarefies  the  air  exceed- 
ingly, consequently  mt  cool  air  from  the  sea  wlH  keep  rushing  In  to  veslom 
the  equilibrium. 

In  the  Gulf  of  Guinea  there  is  a  periodical  wind,  called  HarmaUan,  which 
blows  in  aN.  £.  direction  from  the  interior  parts  of  Afirica.  The  season  in 
ishich  this  wind  prevails  is  during  tlie  months  of  December,  January,  and 
V^bfoary. 

Betwe«i  the  4th  and  10th  degrees  of  north  latitude,  nnd  hftween  the 
longitude  of  Cape  Verd  andthe  t  asternmoHt  of  the  Cape  Verd  Islands,  then* 
is  a  tract  of  sea,  which  seems  to  be  condemned  to  perpetual  calms,  attended 
with  terrible  diaader  and  lightning,  and  frequent  ndno.  The  eauso  of  thb 
seems  to  be,  that  the  westerly  winds,  setting  in  on  the  coast  of  Africa,  and 
meeting  the  general  easterly  winds  in  this  tract,  balance  each  other,  and  so 
cause  uiA  cahna ;  and  the  vapours,  carried  thither  by  each  wind,  meeting 
andriwsdiwsmg,  oecnsionthealiiKMtaoQatant  rains^ 

These  obsenralSons  show  the  reaion  of  tiie  difficulty  which  ships  find  in 
sailing  to  the  southward,  between  the  coasts  of  Guinea  and  Brazil,  particu- 
larly in  the  months  of  July  and  August,  notarithstanding  the  width  of  the 
sea  IS  more  than  500  leagues.  For  the  S.  £.  win<b  at  that  tiuae  of  the  year 
commonly  extend  some  degrees  beynndtho  oidinary  Umits  of  4^  nortfi  Ml* 
tude,  besides  coming  so  much  southerly  as  to  be  sometimes  south,  some* 
times  a  point  or  two  to  the  west ;  it  then  only  remains  to  ply  to  windward  : 
and  if  on  ihu  one  side  they  stMr  W.  S.  W.  they  get  a  wind  more  and  more 
eaaterly,  bat  than  tfabra  is  dangeroffrUMuc  hi  with  the  aoaat  or  shoals  of 
Brazil :  and  if  tliey  steer  E.  S.  E.  thtj  frifi  into  the  neighbourhood  of  the 
coaA  of  Guinea,  from  whence  they  cannot  Asf  rt  without  runnfaig  aasteriy 
as  far  as  the  island  of  St.  Thomas. 

An  ships  departing  from  Guinea  for  Europe,  their  dhnet  conrae  is  noftli- 
ward }  but  on  this  eoune  they  cannot  fo,  becauie  the  coast,  tendfai|iicariy 
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€btt  and  Wttt,  fhe  land  is  to  tiie  norilnrard ;  therefore  as  (he  winds  on  thiH 
coast  are  g»'iiera]l]r  between  the  south  and  W.  S.  W.  they  are  ohliged  to 
steer  S.  S.  E.  or  south,  and  with  these  courses  they  nm  off  the  shore;  but 
in  so  doing  they  always  find  the  wind  more  and  more  contrary ;  so  that, 
though  when  near  t}ie  i>hore  thev  can  he  south  ;  at  a  ^reat  distance  they  can 
make  no  better  than  S.  E.  and  anerwarda  E.  S.  £•  with  whieh  oourBes  thejr 
generally  fetch  the  island  of  St.  Thomas  or  Cape  Lope/.,  where  finding  the 
winds  to  the  eastward  of  the  south,  thev  sail  westerly  with  it,  till  eoniing  to 
the  latitude  of  4  degrees  south,  they  find  the  S.  E.  wind  blowing  perpetually. 

On  aecoont  of  these  general  wmds,  all  bound  ftom  Borope  to  tne  Wait 
In^BeSt  or  to  the  southern  states  of  America,  consider  it  most  advantageoua 
to  get  as  soon  as  they  can  to  the  southward,  so  they  miy  he  certain  of  a 
fair  and  fresh  gale,  to  run  before  it  to  the  westward.  Fur  the  same  reasoot 
thoae  bound  from  America  to  Europe  endeavour  to  phi  the  latitude  of  SO 
dnprees,  where  they  first  find  the  wind  begin'to  be  variable,  though  Ibe  moat 
ordinary  winds  in  the  North  Atlantic  Ocean  come  between  the  south  and 
west. 

And  fur  the  same  reasons  those  bound  to  India  from  America  run  to  the 
eutwaid  in  ttio  variable  winds,  so  as  to  be  in  the  loogitode  of  8SP  or  88^ 
W.  when  in  the  latitude  of  30^  N.  From  thence  they  «t«  er  "^cmth-easteriy 
towards  the  Cape  de  V'erds,  passing  1^  or  5^  to  tlie  westward  of  them,  unless 
they  wish  to  stop  for  supplies,  or  to  correct  their  longitude.  Being  then  in 
Uie  eommon  route  of  ue  Eutopean  Indiuncn,  they  steer  south-easterly  to 
(!l^0S8the  equator  between  the  longitude  of  18^  W.  and  SS^W*  where  meet« 
ing  the  S.  K.  trade  winds,  they  must  br.ice  up  and  sail  upon  a  wind  till  they 
get  through  them,  and  come  into  the  variable,  winds,  w  here  they  may  steer 
t^  the  eastward.  •  Near  the  equator,  the  trade  whid  is  generally  stronger  to 
die  westward  than  to  the  eastward ;  and  were  it  not  for  the  fear  of  fklmig  in 
Tvith  the  Brazil  coast,  a  ship  might  cross  the  line  farther  to  the  westward 
than  what  we  have  recommended  above.  Ships  homeward  hound,  from 
llie  Cape  of  Qood  Hope  towards  America,  may  deviate  a  little  to  the  west- 
Wild  Of  th«r  strakbt  course,  and  cross  the  equator  in  afaput  80^  w.  longi- 
tude, in  order  to  ttute  advantage  of  this  fresher  trade  wind. 

Between  the  southern  latitudes  of  10^  and  HO^  in  the  Indian  Ocean,  th« 
general  trade  wind  about  S.  is  found  to  blow  all  the  year  round,  in  the 
aame  manner  as  in  the  like  latitudes  b  the  souA  Atlantic  Ocean ;  and  during 
thosix  months,  from  May  to  'November,  these  winds  reach  to  B'ithin  2de« 
|!;rees  of  fhe  equator  ;  but  during  the  other  six  months,  from  November  to 
May,  a  N.  W.  wind,  called  the  little  monmony  blows  in  tiie  tract  lying  between 
the  8d  and  10th  degrees  of  south  latitude,  in  the  meridian  of  the  north  end 
of  Madagascar,  and  between  the  2d  and  Itth  degrees  of  south  latitude,  near 
the  longitude  of  Sumatra  and  Java. 

In  the  tnict  between  Sumatra  and  the  African  coaM,  and  from  3^  of  south 
latitude,  quite  nortliward  to  the  Asiatic  coast,  including  the  Arabian  Sea  and 
the  Bay  of  Bengal,  the  monsoons  blow  from  October  to  April  on  the  N.  B. 
and  from  April  to  October  on  the  S.  W.  In  the  former  half  year,  the  wind 
is  more  steady  and  gentle,  and  the  weather  clearer  than  in  the  latter  six 
months.  In  the  Red  Sea  the  winds  blow  nearly  nine  months  of  the  year 
ftom  the  Bouthward,  that  is,  from  August  to  May,  and  the  fsst  of  the  year 
from  tlie  N.  and  N.  N.  W.  with  land  and  sea  breexes.  In  the  Gulf  of  Penin 
the  N.  W.  wind  blows  from  October  to  .July,  a!id  about  three  months  from 
the  opposite  quarter.    These  winds  being  often  interrupted  by  gales  from 


Between  the  island  of  Madagascar  and  the  coast  of  Africa,  and  thence 
BOrtflward  as  far  as  the  equator,  there  is  a  tract,  wherein,  from  .\pril  to  Oc- 
tober, there  is  generally  a  S.  S  W.  wind,  and  a  contrary  wind  the  rest  of  tho 
year,  with  regular  land  and  sea  breezes  on  both  coasts.  * 
To  tbo  Mstwaid  of  Sumatra  and  Malacaik,  on  tht  Borth  of  the  eqiiat»r. 
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And  along  the  eotfltsof  C^bodiaand  China,  quite  through  the  Phillipuinea 
at  far  as  Japan,  the  monsoons  blow  N.  E.  and  S.  W.  the  N.  E*  aettuigin 
about  October  or  November,  and  the.  S.  W.  about  May. 

Between  Sumatra  and  Java  to  the  west,  and  New-Guinea  to  the  east,  there 
are  regular  monsoons.  The  N.  VV.  monsoon  blows  from  October  to  Aprili 
the  S.  E.  monsoon  the  rest  of  the  year. 

The  monsoons  do  not  shift  suddenly  from  one  point  of  the  compass  to 
the  opposite  ;  in  some  plares.  \hv  lime  of  the  cJianjje  is  attended  with 
calms,  ID  others  by  variable  winds  ;  and  it  often  liappens,  on  the  shore  of 
Coromandet  and  Chhia,  towards  the  end  of  the  monsoons,  that  there  are 
most  violent  storms,  caUed  TufTons,  greatly  resembling  the  huricanes  in  the 
West  Indies,  wlierein  the  wind  is  so  vastly  strong,  that  hardly  anything  can 
resist  its  force  ;  for  this  reason  it  is  more  dangerous  to  approach  those  shores 
at  the  tune  of  the  breaking  up  of  tiie  monsoon  than  at  any  other  season  of 
the  Tear. 

The  ioitd  and  sea  Ireeza  prevail  principally  between  the  tropics.  The 
sea  breeze  generally  sets  in  about  ten  in  the  forenoon,  nnd  rontiues  till  about 
five  or  six  in  the  evening  :  at  seven  the  land  breeze  hegins,  and  continues 
till  about  eight  in  the  rooming.  The  cause  of  these  winds  is  tliis during 
the  day  the  sea  is  nut  so  much  heated  by  the  sun  as  the  land,  nor  so  much 
cooled  at  nip;lit.  Hence,  in  the  day  time,  the  roolerair  fmm  the  sea  will  rudl 
towards  the  land  to  supply  the  dcHciency  dccasioned  hy  the  jjreater  rarefac- 
tion of  the  air,  and  hence  arises  the  sea  breeze.  In  like  manner,  during  the  i 
night,  the  air  at  land,  •behig  more  cooled  than  that  at  sea,  will  therefore  blow 
from  the  land  towards  the  sea,  and  hme  occasion  a  land  breeze. 

A  ithirlwind  a  dangerous  phenomenon  caused  by  the  adjacent  air,  rush- 
ing in  from  all  parts  towards  ^  ountre  with  great  rapidity,  and  destroying 
erery  thing  it  passes  oiwrin  its  progressive  motion.  A  wakr  tpout  trnd 
whirlwind  arises  from  the  same  cause,  the  latter  being  formed  at  land,  is  com- 
posed prindpally  of  air,  but  the  former  bebg  formed  at  sea,  is  composed  of 
water. 

it  was  first  observed  by  Doctor  Franklin  Uiat  Uie  N.  E.  storms  on  tlie 
coast  of  the  Uaited  States  of  America.  Arequently  begin  earlier  ia  the  sootib- 
cn states  than  in  the  nctthem.  This  he  accounts  for  bj  supposing  a  great 
rarefaction  of  air  in  or  near  the  gulph  of  Mexico  ;  the  air  rising  thence  has 
it«  place  supplied  by  tlie  next  more  nortliern,  and  therefore  denser  and  hea- 
vier air ;  asnccessive  current  is  thus  formed,  to  whidi  the  coast  and  inland 
mwmtslnBgiye  a  N.  E.  direction. 

Experiments  have  been  made  hy  several  persons  to  determine  the  velocity 
of  the  wi(id.  by  observing  the  space  j);issed  over  by  a  cluu<l  or  any  light  sub- 
stance, and  by  other  methods ;  and  it  iias  been  found  that  the  velocity  of  tlie 
wind  hi  a  Tioient  gale  is  about  50  6r  60  miles  per  hour. 


TIDES. 

TIDE  is  a  periodical  motion  of  tlie  water  of  tlie  sea,  by  which  it  ebbs 
and  flows  twice  a  day.  The  Jhw  continues  about  0  hours,  durmj;  which  the 
water  gradually  rises  till  it  arrives  to  its  greatest  height ;  then  it  begins  to 
fhb  or  decrease,  and  continues  to  do  so  for  alK)ut  6  more,  till  it  has  fallen  to 
nearly  its  former  level ;  then  the  flow  begins  as  before.  When  the  water 
has  attained  its  greatest  height  it  la  said  to  be  kigk^watert  and  when  it  ii 
done  falling  it  is  called  low-waUn 

Tlie  cause  of  the  tides  is  the  unequal  attraction  of  the  sun  and  moon  upon 
different  parts  of  the  earth.  For  tliey  attract  the  parts  of  the  earth's  sur- 
(ace  nearest  to  them,  with  a  greater  force  than  they  do  its  centre  :  and  at- 
trad  the  centre  more  than  they  do  the  opposite  surface.  To  restore  this 
e^p&BSbKkam  thewalert  takca  spheroulal  flgure,  whose  longer  axes  is  directed 


J 
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tow  wdi  the  attracting  tuminary.  If  the  moon  oaly  acted  upon  Hie  water, 

the  time  of  high  water  would  be  when  the  moon  wn?  tipon  the  meridian, 
above  or  bdow  the  horizon  ;  or  rather  at  an  hour  or  two  alter,  (btjcause  the 
moon  continues  to  act  with  considerable  force  for  some  time  after  passing  the 
neri^aD.)  Bat  the  moon  paaste  the  meridSan  abont  49^  lite  every  day ;  of 
course,  if  she  only  acted  on  the  tides,  ihej  would  be  retarded  every  day  49% 
and  it  would  be  high  water  at  the  same  distance  from  her  passing  the  meri- 
dian ;  and  it  is  upon  tliis  principle  that  the  time  of  high  water  is  calculated  in 
most  books  of  navigatipn,  although  the  time  thus  calculated  will  aometimea 
dMfer  aniMmr  from  dm  troth,  owing  to  the  neglect  of  the  ditturbing  force  of 
Ac  sun.  The  effect  of  the  moon  upon  the  tides  is  greater  than  that  of  the 
sun,  notwifhstandinp;  the  quantity  of  matter  in  the  latter  is  vastly  greater 
than  in  the  former  :  but  the  suq,  being  at  a  much  greater  distance  from  the 
•arth  than  the  moon,  atlvacts  tliedinent  parts  of  the  earth  with  nearly  tho 
tame  force;  whereas. the  moon,  b^i^at  a  much  lemdUstance,  attracts  the 
different  parts  of  the  earth  with  very  different  forces.  According  to  the 
latest  observations,  the  mean  force  of  the  sun  for  raising  the  tides  is  to  the 
mean  force  of  the  moon  as  1  to  2^.  By  the  combined  effect  of  these  twa 
ftnrces,  the  tides  come  on  mwur  when  the  moon  is  in  her  jirtt  and  tkird  qnar^ 
ters,  and  later  in  the  second  and  fourth  quarters,  than  they  would  do  if  cau»» 
ed  only  by  the  moon's  attraetion.  The  mean  quantity  of  this  acceleration 
and  retardation  is  given  in  Table  B,  subjoined ;  the  use  of  which  will  be 
explainad  hereallar. 

The  tides  are  greater  than  common  about  three  days  after  tiie  new  and 
full  moon  ;  these  are  called  spring-tides.  And  the  tides  are  lower  than  com- 
mon about  three  days  after  the  first  and  last  quarters;  these  are  called  the 
neap'tides.  In  the  former  case  the  sun  and  moon  conspire  to  raise  the  tide 
in  the  same  place,  but  m  tlie  laitter  tiie  sun  raises  the  water  where  the  mooi» 
depresses  it.  When  the  moon^is  in  her/mi^,  or  nearest  approach  to  the 
earth,  the  tides  rise  higher  than  they  do,  under  the  same  circumstances,  at 
other  times ;  and  are  lowest  when  she  is  in  her  opo^ee,  or  farthest  distaoce 
from  earth.  Tlw  spring-tidss  are  greatest  about  the  time  of  tiM  efui- 
noxesy  in  March  and  September,  and  the  neap-tides  are  less.  Al  msse 
things  would  obtain  exactly,  were  the  whole  surface  of  the  earth  covered 
with  sen ;  but  the  interruptions  caused  by  the  continents,  islands,  shoals,  Uc. 
entirely  alter  the  state  of  the  tides  in  many  cases.  A  small  inland  sea,  such 
as  the  Mediterranean  '&r  Batth^  is  Kttle  subject  to  tides;  becaiae  the  aetioo 
of  the  sun  and  moon  is  always  nearly  equal  at  the  extrnnldcs  of  BOCih  SCae* 
In  very  hij;h  latitudes  the  tides  are  inconsiderable. 

From  the  observations  of  many  persons,  the  times  of  high-water  on  the 
^s  of  new  SBd  ftiU  moon,  in  the  moot  noted  plaees  of  the  ^obe,  here  boon 
collected.  These  times  are  usually  put  in  a  table  against  the  names  of  the 
places,  arranged  in  alphabetical  ord^r  as  in  Table  XLVII.  of  the  collec- 
tion accompanying  this  work,  by  means  of  which  the  times  of  high-water 
may  be  found  bv  various  methods.  The  most  common  rule  prescribed  fur 
^8  purpose,  in  books  of  navigation,  is  that  depending  on  the  golden  num- 
ber ana  epact,  the  tide  being  supposed  to  be  uniformly  retarded  every  daj. 
This  method  will  sometimes  differ  2  hours  from  the  truth,  for  which  reason 
I  shall  not  insert  it :  but  shall  proceed  to  explain  the  calculation  by  the  ad- 
johied  tables  A  and  B,  and  the  Nautical  Ahnanac ;  by  means  of  whidi  the 
time  of  high-water  may  be  obtauied  to  a  greater  d^i^  of  exactness  thno 
from  our  common  Ahnanacs* 

RULE. 

Find  the  time  of  the  moon's  coming  to  the  meridian  at  Greenwich  on  the 

£*ven  day,  in  nage  VI.  of  the  Nautical  Almanac.     Enter  Table  A,  and 
id  the  longitude  of  the  giren  place,  ia  the  lelt  hand  column,  corresponding 
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to  which  is  a  number  of  minutes  to  be  applied  to  the  time  of  passing  die 
meridian  at  Gro»  invich,  by  adding  uhen  in  icest  longitude,  but  sublrading 
when  in  tmt  longitudi; ;  the  sura  or  difference  will  be  nearly  the  time  that 
the  moon  parses  the  meridian  of  the  given  place.  With  this  time  enter  Ta- 
ble B,  and  take  out  the  eorrespondiilg  correetion,  which  is  to  be  applied  ta 
the  time  of  pessioj^  the  meridian  of  the  place  nf  obflenratioii«  by  eadingor 
subtracting,  nrrordin^  to  th«'  direction  of  the  U\hW. 

To  this  corrected  time  add  the  time  of  full  sea  on  the  full  and  change 
days ;  the  sitni  will  be  the  time  of  hlgh*water  at  the  given  plaee,  feekoiiiii( 
from  the  noon  of  the  given  day.  If  thhi  sum  be  greater  than  tth.  Mm.  ^oh 
must  subtract  12h.  24m.  from  it  and  the  remainder  will  1  time  of  high- 
water  dearly,  reckoning  from  the  same  noon ;  or  if  it  exceed  Mil.  48m.  ^oa 
must  subtract  24h.  48m.  from  that  sum,  and  the  remabder  wiB  be  the  tmie 
of  high  water,  reckimhig:  from  the  same  noon  nearly. 

EXAMPLE  I. 

Required  the  time  of  high  water  at  ChartofttODi  (S.  C)  Mvcfa  IT,  IIM, 

in  the  afternoon,  civil  account  ? 

By  the  Nautical  Almanac  I  find  that  the  moon  passes  the  meridian  of 
Greenwich  at  Sh.  3lm. ;  to  this  I  add  11m.  taken  fromTeUe  A,  correspond- 
ing to  the  longitude  of  Charleston.  With  thesmn  th.  4tm.  I  enter  Table 
B,  and  find  (hy  taking  proportional  parts)  that  the  cxirrection  is  15m.  which 
is  to  be  subtracted  from  2h.  42m.  {because  immediately  over  it  in  the  table  it 
is  marked  Sub.);  to  the  remainder  ih.  [>7m.  I  add  the  time  of  high  water 
on  the  lUII  and  change  days  Th.  ISm.  (which  ii  found  in  the  tide  taUe  foUow- 
Sag; )  the  sum  9h.  12m.  k  the  time  of  high  water  on  the  aftemaon  of  March 
17, 18S0,  civil  account 

"  EXAfilPLE  U. 

Requhvd  the  time  o(  high  water  at  Porthuid,  (Blahie)  May  M,  IMO,  b  thfe 

afternoon,  civil  account? 

By  the  Nautical  Almanac  the  moon  will  pass  the  meridian  of  Greenwich 
at  8  hours  49  minutes.  The  correctioo  firom  Talile  A,  corresponding  to  70O 
the  longitude  of  Portland  is  »m.  which  added  to  Sh.  4Bm.  gives  the  time  of 
the  moon*?  southing  at  Portland  r.h.  r>Cm.  nfarly.  The  numhrr  in  TaMi-  R 
corresponding  to  8h.  58m.  is  i;Jm.  whirli  is  to  hv  add^d  to  ;{h.  'y>\n\.  (because 
immediately  over  it,  in  the  table,  is  marked  Add.)  To  liie  sum  »h.  21m.  I 
add  dm  tlmie  of  high  water,  on  the  ftiUand  change  daya,  lOh.  4ini.  and  the 
aum  n  MHl.  tm.  consequmtly  the  h^  water  is  at  20h.  6m.  past  noon  of  May 
53.  that  is,  at  8h.  6m.  A.  M.  of  May  24.  And  hy  stihtracting  12h.  24m.  from 
£Ul).  6m.  we  have  7h.^2m.  which,  will  be  nearly  Uie  time  of  high  water  on 
the  afternoon  of  May  SS,  18tO. 

In  this  manner  we  may  obtain  the  time  of  high  watar  at  any  place,  to  a 
considerable  degree  of  accuracy.  But  the  tides  are  so  much  influenced  by 
the  wiuds,  freshets,  kc.  tliat  the  calculated  times  will  sometimes  difl'er  a  littte 
from  the  truth. 

Many  pilots  reckon  the  time  of  high  water  by  the  point  of  tiie  compass 

the  moon  is  upon  at  that  time,  nllowinR  45  minutes  for  e.ich  point.  TIhh 
on  the  full  and  change  days,  if  it  is  hip;h  water  at  noon,  they  say  n  north  and 
south  moon  makes  full  sea  ;  and  if  at  llh.  IJm.  they  say  a  8.  by  £.  or  N. 
by  W.  moon  makes  fidi  sea;  and  hi  Kfce  manner  for  anT  other  time.  Bot  it 
is  a  very  inaccurate  way  of  finding  the  time  of  full  sea  by  the  bearing  of  the 
moon,  except  in  places  wliere  it  is  high  water  about  noon  on  the  full  and 
diaiige  days. 

When  you  have  not  a  Nautical  Almanac,  you  may  find  the  thne  of  high 
water  by  means  of  tfie  fallowing  tables  C  and  D;  and  although  the  for- 
mer method  is  tho  most  accurate,  yet  the  l.iftt  r  may  !>p  useful  in  many 
v;\<v^.  To  calculate  the  time  of  full  sea  by  thi^j  method,  observe  the  folloir- 
iiig  rule.  • 
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RULE. 

Bnter  Tabl(vC,  and  take  out  tho  numbor  which  stcmds  opposi((*  to  (he 
year,  and  under  the  month  for  which  the  tide  is  to  be  calcuhited;  this 
number,  added  to  tlie  dav  of  the  month,  will  give  the  moon's  age,  reiecting 
SO  when  the  sum  exceeoi  that  number.  Against  her  age  founo  hi  the  left 
hand  column  of  Table  D,  is  a  number  of  hours  and  minutes  in  the  adjomed 
column,  which  bfiiip;  added  to  the  Umv  of  hi^li  w.ittT  at  the  given  place  on 
the  full  and  change-  duys,  will  give  the  time  of  high  water  required,  observ- 
ing to  reject  l£h.  24m.  or  24b.  48m.  when  the  sum  exceeds  either  of  those 
times.  * 

B  J  this  rule  I  shall  work  the  two  preceding  eumples. 

EXAMPLE  III. 

Required  tlie  time  of  high  water  at  Charleston,  (S.  C)  i^Iarch  17,  1820,  ia 
the  afternoon,  civil  account  ? 

In  the  table  C,  opposite  1820,  and  under  March,  stand  16,  which,  added 
to  the  day  of  the  month  17,  gives  S^J.  and  by  subtracting  30,  leaves  S,  the 
moon's  age :  opposite  3  in  Table  D,  is  Ih.  46m.  which  added  to  7h.  15m. 
the  time  of  hini*  water  on  the  ^  full  and^  change  days,  gives  9h.  Im.  for 
the  tune  of  hlg^  water ;  differmg'eleven  minutes  fsom  th^  ntrmer  method. 

EXAMPLE  IV. 

Required  the  time  of  high  water  at  Portland,  (Mass.)  May  25, 1820,  in  the 
afternoon,  civil  account  1 
In  the  Tahle  C,  opposite  18f  0,  and  under  May,  stand  18,  which  added  t* 

the  day  of  the  month  23,  gives  (by  neglecting  30)  the  moon's  r\go  1 1  ;  op- 
posite to  this,  in  Table  D,  is  9h.  IDm.  which  added  to  lOh.  I-'hu.  the  Umv 
nigh  water  on  the  full  and  change  days,  gives  20h.  4m.  from  w  hich  subtract- 
ing 1th.  t4m.  there  remains  7h.  40m.  for  the  time  of  full  sea  May  fS,  1810; 
this  difTera  2  minutes  from  the  former  method. 

In  the  third  column  of  Tahle  D  is  given  tho  time  of  the  moon's  coming  to 
the  meridian,  for  every  day  of  her  age:  thus,  opposite.  11  days  stand  8h. 
57ra.  which  is  the  time  of  her  coming  to  the  meridian  on  that  day.  Thb 
table  may  be  of  some  use  when  a  Nautical  Almanac  cannot  be  procured; 
but  being  calculated  upon  the  supposition  (hat  the  moon  moves  uniformly 
in  the  equator,  the  table  cannot  be  very  accurate.  The  numbers  in  this  Ta- 
ble are  reckoned  from  noon  to  noon;  thus,  Ih.  A.  M.  is  denoted  by  ISh.; 
2h.  A.  M.  hy  14h.  be 

The  time  <»f  new  moon  is  easily  found,  by  subtracting  the  number  taken 
from  Table  C  from  SO.  Ex.  Suppose  it  w  as  required  to  find  the  time  of  new 
moon  for  May,  1820  ]  By  examining  the  table,  w#find  the  number  cor- 
responding to  that  time  is  18;  this  subtracted  from  90  leaves  If;  therefore 
it  will  be  new  moon  the  ISth  May,  IBiO. 

When  (he  time  of  high  water  is  known  for  any  day  of  the  moon's  age, 
we  may  from  thence  find  the  time  of  liigh  water  on  tl^e  full  and  change  days, 
by  the  following 

RULE. 

Find  the  time  of  the  moon's  coming  to  the  meridian  of  Greenwich,  iu 
page  VI.  of  the  Nautical  Almanac;  to  ttiis  time  apply'thcr  corrections  tidcen 
from  the  tables  A  and  B,  (in  the  same  manner  as  du«cted  in  the  preceding 
rule  for  finding  the  time  of  hii^li  water)  subtract  this  corrected  time  from  the 
observed  time  of  high  water,  and  the  remainder  will  be  the  time  of  iiigh 
watOTt  on  the  change  and  full  days. 

Note.  If  the  tmie  to  be  subtracted  be  greater  than  the  ohsenred  time  of 
fun  sea,  you  mustmcrease  the  latter  by  12h.  S4m.  or  by  ft4h.  48m.  nearly. 

EXAMPLE. 

Suppose  lluit  on  the  17th  iMaicb,  Uiio,  lUe  Liiuc  vi  high  watu-  at  Charles 
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tOHt  (S.  C)  was  found  to  be  at  Oh.  12ra.  P.  M.  required  the  time  of  high  wa- 
ter on  the  full  and  change  days  ? 

I  find,  as  in  example  1st.  preceding,  Uiat  the  number  to  be  subtracted  is 
Ih.  57m. — taking  this  from  9h.  12m.  leaves  7h.  lOra.  which  is  the  time  of 
hifh  water  on  the  full  and  change  days. 

When  y^ou  have  not  a  Nautical  Almanac,  you  may  find  the  time  of  high 
water  on  the  full  and  change  by  means  of  the  Tables  C  and  D.  For  in  the 
present  example,  I  find  by  Table  C,  that  the  moon's  age  was  3,  correspond-, 
liig  to  which,  m  the  second  column  of  Table  D,  is  Ih.  46m.  this  subtracted 
from  9h.  7m.  leaves  7h.  3,1m.  for  the  time  of  high  water  on  the  full  oiol 
change  days. 


Tab,  a. 


Tab.  B. 


Tab.  C. 


Tab.  D. 


■3  'OS 

14 


mm 


c:  z 

_ 


0 

10 

SO 

30 

40 

50 

60 

70 

80 

90 


M.  m 


01 
1 

3 

4 

5 

7 

8 

9 
11 
121 


100 

14 

110 

1;^ 

120 

16 

130 

18 

140 

19 

100 

SO 

160 

2£ 

170 

23 

180 

24 

=  5 
c  a 

te 


Qon. 


II.  M 


Sub. 
00  0 

0  17 
2(0  3 1 
SO  50 

1 

1  9 
1  tl 
0  3j 
Add 

810  2 
9  0  2.-^ 
100 
11  0  14 
120  0 


3  13. 


Sub. 
l.SO  17 

14  0  34 

15  0  50 
1 
1 
I 


10 
17 


21 


21 


19  0  SO 

Add 

20  0 
0  23 
0  24 


230  14 


0  0 


A  TABLE 

POR  FINDING  TliK    VOON'S  AUE. 

Add  the  number  taken  from  this  Ta- 
ble to  the  day  of  Uie  month  ;  tb« 
sum  (rejecting  30  or  60  if  necessary) 
will  be  the  Moon's  age  nearly. 


Year 


1821 
IU22 


1825 


c 

—5 


1517 


IG 


10 


20  -i8  20  2C 


71  9 


1824 


18:: 


1826 


1827 


1828 


18  20 


^9 


It;  19 


0 


1:311  12 


14 


1829 


I CSO 


1{{.-31 


1  f^3i 


25 


17 


15 


26 


18 


28  -2i« 


26  >.S 


3  05 
16 


15 


25 


6 
17 


-7! 


8 
18 


1^ 


18  20  20 


29j  1 
lojll 

20, 2i 


3 


2  4 


13  14 

I 


24]25 

111 

17 


18 
29 
9  10 


19 


(;  1 


20 


12jl  1 


.>  .> 


4 
15 


19 


1 


6 
IG 
27 

8 


23 


19 
1 


1 1112^ 
21 


3 


15 

2G 
8 
18 
29 
10 
21 


13 


.■)ir> 


in 

2l> 
8 
19 

29 


c  t 


25  2 


6 
17 
28 
10 


6 
17 

28 


1 9;2 1 
1 


10 


4.^ 


3 


14 


25 


1-1  \o 
23  24 


15 


16 


i6l27 


8 1  9 


Dny 


0 
1 

2 
3 
4 
5 
C 
7 
8 
9 
10 
11 
12 
13 
14 
15 


10 
17 
18 
19 
20 
21 
22 

:3 

21 

25 
26 
27 

28 
29 
29  A 


c 

JC 


H  M. 


0 
0 
1 
1 

2 
3 
3 
4 
5 
6 
8 
9 
10 
10 
11 
12 


0 


35 
10 
46 
22 
1 

44 
35 
39 
57 
Ij 
19 
10 


S.  e 

a 


H.  M. 


0  0 

0  49 

1  38 

2  26 
S  15 
4  4 

4  53 

5  42 

6  30 

7  19 

8  8 

3  57 

9  16 
fijIlO  31 
3311  1  23 

9  12  12 


12  44 

13  19 


13  I 
13  ,50 


13  51  14  3» 

14  31  15  27 


17  57 


15  11 

15  56 

16  4917  54 


16  16 

17  5 


18  12 


19  17jl9  31 

20  32,20  20 

21  33121  9 

21  58 

22  46 

23  35 

24  0 


.1.1  ,>,> 

23  4 

23  42 

24  0 


In  all  the  preceding  calculations  of  the  time  of  high  water,  wc  have  ne- 
glected the  correction  arising  from  the  variation  of  the  distances  of  the 
sun  and  moon  from  the  earth,  and  from  the  different  declinations  of  thosfc 
•bjects.  These  causes  might  produce  a  correction  of  10'  or  12'  in  the  tinre 
of  high  water,  but  in  general  will  be  much  less,  and  may  therefore  be  n^fc: 
greeted.  ^  • 

F  l* 


CUUREIVTS.      •  , 

A  CURRENT  is  a  progreariTe notion  of  the  wate^  cnniag  idl  iUwthif; 
liodiea  to  move  that  way  towards  whfeh  the  sire  am  is  directed*  Tkt  mt  of  a 

currentf  is  that  point  of  fin-  compass  towards  which  the  wators  run,  and  its 
drift  IS  th«'  rate  it  runs  per  Unur.  Thf  most  usual  way  of  discovering  tbe 
set  and  drift  of  an  UDknuwn  ctirrcntt  is  thus  : 

Let  three  or  four  men  take  a  boat  a  little  way  from  the  ship :  and  by  a 
rope  fastened  to  Uie  boat's  sterOf  letdown  i  luavy  iron  pot  or  loaded  kettle 
to  the  deptli  of  !!0  or  100  fathoms  ;  then  h»'av«*  thi;  log,  and  the  numbtT  of 
knots  run  out  in  half  a  minute  wili  be  tiie  miles  the  current  sets  per  houTi 
and  the  bearing  of  the  log  will  show  the  set  of  it.  • 

There  is  a  rery  remarkni>1e  current,  called  the  Gulp  Stbbaii,- which  sets 
in  a  north-east  direction  aJonp  llie  roast  of  America,  from  Cape  Florida  to- 
wards the  Isle  of  Sables,  at  muMjual  distances  from  tlie  land,  being  about  75 
miles  from  the  shore  of  the  suuXiiem  states,  but  more  distant  from  the  shore 
of  the  northern  states ;  the  width  of  the  stream  is  about  40  or  90  miles, 
Wideidng  towards  die  north;  the  velocity  is  various  from  One  to  three  knots 
per  hour,  or  more,  being  greatest  in  tlie  channel  between  Florida  and  the 
Bahamas,  and  gradually  decreasing  in  passing  to  the  northward;  but  is 
greatly  influenced  by  the  winds  both  in  drift  and  set. 

We  are  chiefly  indebted  to  Doctor  FrankHn,  Commodore  Truxton,  and 
Mr.  Jonathan  Williams,  for  the  knou  led;:^e  we  possess  of  the  direction  and 
velocity  of  this  stream  ;  its  general  course,  as  given  byihem,  is  marked  on 
ike  chait  aifixed  to  this  work.  They  all  concur  in  recommending  Ike  use  of 
^e  thermometer,  as  the  best  means  of  diseoYenn^  when  in,,  or  near  the 
stream.  For,  it  appears  by  their  observations,  that  the  water  Is  wmmer  thaa 
the  air  when  in  the  stream  ;  and  that  at  leaving  it,  am!  approaching  towards 
the  land,  the  water  will  be  found  six  or  eight  degrees  colder  than  in  the 
stream,  and  six  or  eight  degrees*  ebldw  sCiH,  when  on.  sotindings.  Vessels 
coming  from  Europe  to  America,  by  the  northern  passage,  should  keep  a 
little  to  the  northward  of  the  stream,  whcJre  thry  may  probably  be  assisted 
by  a  counter  current,  as  is  obse  rved  by  Commod(»re  Tmxton.  When  bound 
from  America  to  Europe^  a  ship  may  generally  shorten  her  passage  by  keep- 
ing in  the  gulf.  By  stectring  N.  W.  you  will  generallT  cross  the  gulf  in  the 
siiortest  time,  as  the  direction  of  the  stream  is  nearly  N.  E.  Those  who 
wish  for  further  information  on  this  sultject,  may  eonsulr  an  ingenious  trea- 
tise on  *♦  Therniometrical  Navigation,"  published  by  Mr.  Jouatlian  Wil- 
liams, at  Philadelphia,  in  1709,  and  re-publlshed  by  £dm.  M.  Hunt,  to  ac- 
company bis  Chart  of  the  Western  Ocean,  in  1819. 

In  the  othej;  parts  of  the  Atlantic  ocean  the  etirrmts  are  variable,  but  are 
generally  south-easterly,  along  the  coast  of  Spain,  Portu;;al  and  Africa,  from 
tlie  Bay  of  Biscay  towards  Madeira  and  the  Cape  de  Verds.  Between  the 
tropics  there  is  generally  a  current  setting  to  the  westward. 

There  is  also  a  rcniarkable  current  which  sets  through  the  MosamlMqijBS 
rlianncl,  !»etween  tlic  Island  of  Madaf^ascar  and  the  main  continent  of  Africa, 
in  a  south-westerly  direi  lion  :  in  proceeding  towards  Cape  Laguiias  the  cur- 
rent takes  a  more  westerly  course,  and  then  tends  rouba  the  Cape  towaidi 
St.  Hdena.  Ships  bound  to  t  he  west  ward  from  India,  may  generally  ahortea 
their  passaj:;e.  by  takinj;  advanliiixc  of  this  eurn>nt.  On  the  contrarj',  wliefi 
bound  to  the  eastward,  round  the  Cape  of  Good  Mope,  they  ought  to  keej> 
far  to  the  southward  of  it.  However,  there  appears  to  be  a  great  difference 
in  the  Telocity  of  this  current  at  dilferant  times ;  for  some  ships  hate  Iteen 
off  this  Cape  several  days  endeavouring  to  gvX  to  the  westward,  and  hav« 
found  no  current ;  others  have  experienced  it  setting  constantly  to  the  west- 
ward during  tlieir  passage  from  the  Cape  towards  St.  Uelena,  Ascension  auti 
^  Wcst-lndU  Uhmds. 
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tXRRENTsi. 


All  cases  of  sailing  in  a  current  are  calculated  upon  the  principle,  that  the 
ship  is  affected  by  it  in  the  same  manner  as  if  she  had  sailed  in  still  water, 
With  an  additional  course  and  distance  exactly  equal  its  set  and  drift :  on 
this  principle  the  projection  and  calculation  of  any  problem  of  Ihis  kind  may 
be  easily  made. 

EXAMPLE. 

If  a  thw  tails  98  miles  N.  E.  by  N.  in  a  current  which  stts  S.  by  9V.  £7  miUs 
in  the  tame  time  ;  retfuired  her  true  course  and  distance  ? 


BY  PROJECTION. 

Describe  the  compass 
NESW,  through  the  centre 
A  draw  the  N.  E-  by  N.  hue 
AC  =  Oft  miles,  tlirough  C 
draw  the  line  CB  parallel  to 
the  S.  by  W.  line,  and  make 
CB  =  *7  miles,  and  join  AB. 
Then  AB  will  be  the  course 
•  and  distance  made  good, 
which  by  measuring  are  N. 
E.  4  N.  T4  miles.  \ 


L 


BY  CALCULATION. 

The  shortest  method  of  calculating 
this  nrohlom  is  by  means  of  Table  I.  as 
in  the  adjoined  Traverse  Table;  putUng 
in  it  the  course  sailed  by  the  ship,  and 
the  set  of  the  current,  and  Andmg  the 
difference  of  latitude  and  departure  by 
that  Table,  then  find  the  course  and  dis- 
tance made  good,  as  in  Case  V  I.  Plane 
Bailing.  In  the  present  example  the 
course  is  N.  E.  i  N.  and  the  distance  74 
miles  nearly. 


TK AVERSE  TABLE. 

Courses. 

Dutl. 

N. 

S. 

E. 

W. 

N.E.byN. 
S.  by  W. 

98 
27 

SI.5 

26.5 

54.4 

5.3 

26..') 

26.5 

54.4 
5.3 

5.3 

Diff.  Lat. 

55.0 

Dep.  49.  ll 

METHOD  OF  KEEPING 

A  SHIP'S  RECKONING  OR  JOURNAL  AT  SEA. 

A  SHIP'S  RECKONING  U^^^^^^  r^^rrS 
Srprrtr^Dr.lt.ro'i'l^^  irtt^a";^^^^  deduced  from  the  ship",  ru.. 
from  the  last  observation.  - 
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METHOD  OF  KEEPINQ  A  JOUKNAL  AT  SEA. 


The  daily  occurrences 
011  boiird  ft  ship  are  mark- 
ed on  a  board  or  slate, 
called  the  lofr-lmird  or 
hg-slate,  kept  in  the  steer- 
age for  that  purpose,  be- 
Iqg  nmaUy  divided  into 
seven  columns;  ilie  fir&t 
contains  the  hours  from 
noon  to  noon,  being  mark- 
ed by  some  for  every 'two 
boon,  but  by  others  for 
every  sinj^le  hour;  in  the 
sitcond  and  third  rolumns 
are  the  ^nots  and  fathoms 


THE  LOG-BOARD. 
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liove.  Some  navigators  do  not  divide  the  knot  into  ten  fathoms,  but  into 
half  knots  only,  marking  the  third  column  H.  K.  The  fourth  column  con- 
tains the  courses  steered  by  compass;  the  fifth^  the  winds;  the  sixth,  th« 
Ice-way/  and  the  seventh,  the  alteration  of  the  sails,  the  bosineBB  done  a- 
biMurd,  and  what  other  remarkir  the  officer  of  the  watch  tliinks  proper  to  In- 
sert. For  it  should  be  ohsoned.  thr\\  it  is  usilal  to  divide  a  ship's  company 
into  tt^o  partt?,  called  the  starboard  and  larboard  watcties,  who  do  the  duty 
•f  the  ship  for  four  liours  and  four  hours,  aiternatebr,  except  from  4  to  8  F; 
M.  which  is  divided  into  two  watches.  The  remarKS  made  on  flie  log4MMvd 
are  daily  copied  into  a  hook  Called  tlie  i<oo>book,  whic)i  ruled  like  the  log'- 
board.  This  Iwok  contains  an  authentic  record  of  the  ship'**  transaction*?, 
and  the  persons  who  keep  a  reckoning,  transcribe  them  into  their  Journals^ 
und  from  thence  make  the  necessary  deductions  relative  to  the  ship's  place, 
CTer^  da^  at  noon,  which  operation  is  called  vrorkiog  a  day*9  u>ork.  While 
a  ship  is  m  port,  the  remarks  entered  in  the  log-book  are  called  harbour  wtrh, 
or  harbour  journals,  and  the  day  is  then  estimated  according  to  the  civil 
computation  as  on  shore,  that  is  from  mid-night  to  mid-night ;  but  at  sezv 
the  oay's  wotk  ending  at  noon  is  dated  the  sattie  as  the  dvU  day,  so  that  the 
day*8  work  marked  Monday  began  on  Sunday  noon,  and  ended  on  Monday 
at  noon;  the  day  thus  marked  is  called  a  nautical  da^  \  the  first  labours 
b/eing  marked  P.  M.  the  latter  A.  ^T.  There  are  vanous  ways  of  keeping 
journals  at  sea,  according  to  the  diOerent  taster  of  navigators.  Sum6  keep 
oiriy  an  •bstract  of  each  day*s  transaetfons,  specifying  thfi  weather,  whiSt 
alups  or  lands  were  seen,  arridents  on  board,  the  latitude,  longitude,  course* 
and  run  :  th<'se  particulars  hv'nv^  dnnvu  from  the  ship's  log-hook-  Others^ 
keep  a  full  copy  of  the  lug-book,  and  the  deductions  drawn  ti^erefrom,  ar- 
ranged in  pro^r  columns  >>4l]i8  Is  die  most  satis&ctorf  method  .to  Hioae 
who  may  have  occasion  to  inspect  tiie  jfiiimal ;  and  we  have  adopted  it  Im 
tlie  following,  but  shall  give  an  abstract  It  the  ood  conformable  to  the  otbflc 
method. 

When  a  ship  is  about  losing  sieht  of  the  land,  the  beanng  of  some  note^ 
plaee  (whose  latitude  and  longitude  are  known)  must  be  observed,  and  its  d^ 

tance  estimated  and  raarketl  on  the  log-book  :  thiii  is  called  tahng  a  depar- 
tttre.  In  working  this  first  day's  work,  the  ralculation  is  to  be  made  in  tho 
liame  manner  us  if  the  ship  had  sailed  that  distance  from  that  place  upon  a. 
oolina  #|ipOMte  to  that  bearing,  and  Uiat  course  and  distance  are  to  be  en- 
tered accordingly  into  the  traverse  table,  after  allowing  for  the  varlatioB. 

To  allow  for  the  Variation. 
We  have  already  tmgiit  the  methods  of  findin^^  the  variation,  which  must 
be  allowed  on  all  courses  steered,  and  on  all  bearings  taken  with  the  coai- 
p«n;  9»  thB  right  kmd^if  the  mrkiHon  heetut;  hutiothehft  kand^iftrnti 
the  observer  being  supposed  to  he  placed  in  the  centre  of  the  compasB*  look* 
ing  towards  the  point  from  which  the  variation  is  to  be  ;dlowed.  
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EXA^APLES. 

tdune  By  compan  N.  E.  by  B.          ▼tftallM  1  W.  Ttm  caarw  M.  E.  bgr  K. 

K.E.  JI.E.IrE.|E. 

N.  W.                           8  w:  W.byM. 

^    8.  E.                                9   K.  S.  In-  E. 

8.  S.  W.                            1'  W.  8.  }  W. 

E.  S.  E.                             li  W.  E  i  S. 

a  w.i  w.  ^  4  w.  6.  w.is. 

IL3I.K..IB,  ILlCiE. 

7*o  /lu/  the  lee-^tay  and  allow  Jbf  U, 

Tbe  counfcs  must  likewise  !«•  rfirrnctcd  for  lee-way,  the  nature  of  which 
may  he  thus  explained.  When  a  ship  sails  upon  a  windt  in  a  fresh  gale,  Uiat 
|)art  uf  the  wioil  whieh  acts  upon  the  hull  and  rigging,  together  wiui  a  eon- 
oderabte  part  of  the  force  exerted  on  the  sails,  tend  to  drive  her  inimedi- 
■lely  from  the  direction  of  the  wind,  or,  ;is  it  h  tf^rmed,  t<t  I<'<'ward.  But 
since  the  how  of  a  ship  exposes  less  surface  to  the  water  tlian  ihv  side,  the 
resistance  will  be  less  in  the  fii:3tcase  than  in  the  second;  the  vclocitv  tiiere- 
t&n  in  the  direetion  of  her  head  will,  in  -noet  caies,  be  greater  than  tbe 
velocity  in  the  direction  of  her  side,  and  the  ship's  course  will  be  between 
the  two  directions,  and  the  angle  contained  between  the  course  towards 
which  the  ship's  head  is  directed,  and  tlie  course  she  really  describes  through 
the  water,  i»  ImfiiMd  her  feeHMsr.  The  quantity  of  lee-waT  to  be  allowed 
wUI  dmnd  upon  a  variety  of  circumstances;  as  the  mould  and  trim  of  the 
ship;  tne  quantity  of  sail  she  carrifs ;  her  velocity  thrfii^jli  the  water,  fee. 
hence  no  general  rules  can  be  laid  down  with  accuracy  that  will  determine 
the  quantity  of  lee-way  in  all  cases.  The  following  h^ve,  however,  been 
tttiMuly  given  by  most  writers  on  navigation. 

]k  When  a  ship  is  close  hauled  wiUi  all  her  sails  set,  the  water  smooth^ 
and  ft  light  bveeae  of  wiad,.iiUc^  then  suppoied  to  make  Uttie  or  no  iee- 

4t.   When  the  top-gallant  s(iils  are  handed,  allow  1  point. 

6.  When  under  dose  reefed  topsails,  allow  2  point!. 

4.    When  one  topsail  is  handed,  allow  2^  points. 
0.    When  both  topsails  are  handed,  allow  points. 
,  4«.  When  the  fore  course  iit  handed,  allow  4  points. 

7.  '  When  under  the  tnainsail  only,  allow  9  poiotB. 

8.  When  under  a  balanced  mi/ni,  allow  6  points. 
8.    When  under  hare  poles,  allow  7  points. 

As  these  allowances  depend  entirely  on  the  quantity  of  sail  set,  wiiiioirf 

aiMd  to  any  other  drcumstance,  it  is  evident  that  they  can  be  considered 
y  as  prolme  conjectures,  and  may  indeed  serve  to  worii  up  the  day*s 
work  of  a  journal  that  has  been  neglected.  Btit  since  the  computation  of  u 
ship's  way  depends  much  upon  the  accuracy  of  this  allowance,  it  would  be 
proper  for  the  o^cer  of  the  watdi  to  mark  the  lee-way  on  the  log-board,  iu 
no  column  reserved  for  that  purpose.  Tlie  lee-waT  may  estimated  by 
observing  the  angle  which  the  wake  of  the  ship  makes  with  the  point  right 
astern,  by  means  of  a  semi-circle  marked  on  the  tafirail,  and  divided  Into 
points  and  quarters ;  by  means  of  which  the  angle  contained  between  the 
direction  of  the  wake  and  the  point  of  the  compaM  directly  aiCem,  may  be 
easily  ascctrtained. 

The  lee-way  thus  determined  is  to  he  allowed  on  all  courses  sUrrnf,  tn  iJ,>- 
right  hand  of  the  courst  ttttrtd,  when  the  larboard  tacks  are  aboard,*  but  on  the 
left  handf  inufi  the  iiarboard  tackt  are  aboard  ,*  the  person  making  the  allow- 
ance beilig  lUpfOMdlo  be  looking  towards  the  point  of  the  compaas  ' 
is  tailiog  upon. 

EXAMPLES. 

CoofMs  McMOd.  wind.  Lw-wv.  True  coune. 

It  W.  h.  N.  B.  I  folM.  H.  W.  by  W. 

E.N.  E.  North.  S  Ehm. 

E.aK.  South.  I 


E.S.e.  South.  I  £.  byS. 


;  fi«c  Ulc  as(e  yif*  ua 
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When  the  variation  and  lee-way  are  both  to  he  allowed  on  a  course,  yoa 
may  do  it  at  once,  by  allowing  th»rir  sum  when  thev  are  both  the  same  way, 
or  tlieir  difference  When  the  allowance  U  to.be  made  in  different  wa^s,  takins: 
care  to  make  the  allowance  in  the  lame  wtj  as  the  greater  quantity  ought 
to  be*  whether  it  be  the  variatioii  or  lee-way. 


EXAMPLE  I 
A  Mp  •!««*  W.  hy  N.  with  her  Intawd  tacks 
aboarJ,  and  makrt  one  point  lee-way,  there  be 
ing  iwo  points  westerly  Tarlativn ;  required  the 
true  courw?  ? 

1  jK)iiit 

2  ifoiiit 


lAe-wny  to  the  right  band 
V«iteilaBl»lteMI 


SUff  rence  itllowcti  to  the  left 

Whence  ihe  courte  i*  west- 


A  ibip  tteen  E.  8.  E.  wMi  ter 
•ho«nl,  atid  make^  two  point*  lec-way,  thtre  be« 
in|^  one  fioint  u'e»terly  variatioi) ;  required  the 

true  rourso  ? 

i<ee- way  tutha  left  «  2  pointa 

VacialloDtDllMlaft  i  point 


m  aUowod  to  the  left 

Whence  ihe  course  In  E.  Uy  N. 


In  a  violent  gale,  with  a  head  wind  and  heavy  sea,  when  it  would  l>e  dan- 
gerous to  carry  sail,  it  is  uiual  to  lie  to  under  sufficient  sail  to  prevent  the 
vessel  from  rolling  so  much  as,  to  endanger  thm  masts  and  rig^ng.  When  a 
ship  islying-to,  Uie  tiller  is  put  over  to  leeward,  and  when  the  ship  has  head- 
way, the  rudder  acta  upon  Ikt  to  brinj;  her  to  the  wind  ;  the  ship  then  loses 
her  way  in  the  water,  which  ceasing  to  act  on  the  rudder,  her  head  falls  off 
lirom  the  wind,  andthe  'sail  which  hi  set  fills  and  gi?ea  her  ftesh  way  through 
the  water,  which  acting  on  the  rudder,  brings  her  head  agun  to  the  wind. 
Thus  the  ship  is  kept  c  ontinually  falling  off  and  coming  to.  In  this  case, 
you  must  observe  the  points  on  which  she  comes  up  and  falls  oQ\  and  take 
the  middle  between  the  two>pohita  for  the  apparent  cowrsti,  fnm  whieh  al* 
tow  the  Taiiatton  and  lee-way,  and  you  will  tratam  the  true  course. 

EXAMPLE.' 

A  ship  lying-to  under  her  mainsail,  with  her  starboard  tacks  aboard,  comes 
up  E.  by  S.  and  falls  off  N.  K.  hy  K.  t!i»'re  being  one  point  westerly  varia- 
tion, and  she  makes  ^  points  lee-w  uv — wliat  course  does  she  make  good  ? 

The  middle  between  E.  by  S.  and  N.  E.  by  C.  is  E.  by  N.^  aott  1^  allew- 
lug  6  points  to  the  left  hand  (viz.  5  for  lee-way  and  1  for  Yiuiatioii)  tiie  true 
course  will  be  olitaif)»Ml  N.  by  E. 

To  exercise  the  learner  we  shall  add  the  examples  of  correcting  for  varia- 
tion  and  lee-way  contained  in  the  following  Table. 

THE  TABLE. 


Ltf - 
way 
poittr* 

tion 
points 

N.  W  i  W. 

w. 
\v.  s.  w. 

w. 
w.  bar  N. 
&  w. 

N.  N.  E. 
N  .N.  W. 
8. 

8.  8.  W. 
W.by  W. 
W.  If.  w» 

} 

il 

J  w. 
1  w. 

*  w. 

♦  w. 
1  w. 

i  w. 

N.Si  w, 

8.  ej  w. 
\v. 

8.  7  W. 
iLHW.  r  i 

8. 

8.8.  W. 

aw. 

w. 

W.  by  N. 

P. 

E.  by  8. 
E.  1*.  B. 

B. 

& 

W.  8.  W. 

K.  by  W. 

E.  8.  E. 

N. 
8. 

i 

t 

■j 

1 

2 

< 

i 
0 

tl 

1 
1 
1 
1 

1 
1 
1 
1 
1 

\  w. 
w. 
w. 
w. 

\  w 
\  w. 

w. 
i  vv. 

w. 

w 

8. 1-  B.   '  ' 
8  .  8.  W.  i  W. 

W.  iS.  • 
W.  P  w.  t  W. 

8.  i  W. 

E.  by  N. 
E.  K.  E.  t  E. 

E.*  N. 
S.  H.  ■»!  K*'. 

 1  ->  r 

8. 

E.  8  E. 
w.  S.  W. 
W.tay  N. 

N.  W. 

1^  6«  C« 

N.  E. 
8. 

6.  W.  by  8. 
W.8.W. 

1 

1 

1 
1 

n  w 

IJ  w. 
IJ  w 
>|  w 
If  W. 

8.  by  E.  *  B. 

E.  (  S. 
8.  W.  by  W. 

w.ik 

M.  W.  1 W. 

8. 

N.  by  E. 
N.  W.  by  N. 

N.  W  i<v  W. 
W.  bv  S 

W.  8.  W. ' 

N.  W.  by  W. 
W.  hy  8. 

-N.  I.v  E. 
N.  \V.  tjv  N. 

1 

u 

:i 

1  E 

I  E 
i  K 
If  E. 
2i  K 

n-kISe, 

N.  W  Jv  1^.  i  W. 

If  the  ship  has  been 
ipon  by  a  current 
or  a  heave  of  thf  «ca, 
you  mtut  allow  the  bct 
and  drift  as  acoons  and 
dist.incc  in  tho  Traverse 
Table,  as  directed  in  p. 
219. 

Havfaig  correetcil  the* 
courses  for  Ice-way  and 
Tuiation,  and  estimated 
tiie  distsiioes  sailed,  the 
latitude  and  longitude 
in  at  noon  are  tu  be 
found  by  either  of  the 
preceding  methods  of 
sailing.  The  latitude 
and  longitude,  thus  cal- 
culated, are  called  the 
latitude  and  longitude 
by  dead  reckonings  and 
if  the  teal  cooise  and 
distance  made  good  by 
the  ship  could  be  esti- 
mated aeenrately  by  the 
compass  and  loc;,  no- 

tUas  VMNw  would  b«  nepsasaiy  to  detcnnioe  the  sbip*»  place  at  any  timej  but  by 
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Its 


TMfion  of  iho  various  nrridont*'  that  attend  a  ship's  way,  such  as  heavo  of 
the  sea,  unknown  currents,  did'erent  rates  of  bailing  between  the  times  of 
haannf;  the  log,  sudden  Mjualls,  improper  allowance  for  lee-way  and  vari«- 
tioB,  tiM' latitude  and  longitude  of  the  ship  as  deduced  from  the  reek<Miia([^» 
wi0  frequently  differ  from  the  latitude  and  lonjfitude  by  observation.  In 
this  case  it  will  be  prop«'r  to  re-examine  the  calculation  to  see  whether  a 
just  aUowance  has  been  made  for  lee-way,  variation,  bad  steerage,  drift  of 
the  MB,  error  of  the  log-Uoe  mod  glaii^  Uc,  thicie  it  wilf  sometimes  be  Ibwid 
that  a  different  and  more  probihie  estimate  of  some  of  these  quantities  will 
make  the  dead-rockuninj^  a5!:;ree  more  nearly  with  the  observations.  Before 
the  method  of  finding:  the  lon{;itude  by  kiiiar  observations  was  introduced, 
the  mariner  had  no  other  observation  to  be  depended  on  except  his  latitude, 
and  ft  was  then  usual  to  make  allewaaoes  ftw  supposed  errers  in  the  ooursee 
aad  distances,  so  as  to  make  the  itttitude  by  observation  and  doad-reckoning 
agree.  The  method  made  use  of  by  Robertson,  Moore,  and  others,  was  di- 
vided into  throe  cases,  vis. 

CASE  I. 

When  tlie  course  was  witliin  three  points  of  the  meridian,  the  error  was 
supposed  to  be  wholly  in  the  distance,  on  the  principle  that  it  would  require 
a  greater  error  in  the  course  to  cause  the  Kivt-n  error  in  the  difTereKce  of 
latitude  than  could  bo  supposed  prohiMc  to  hav<-  been  committed.  In 
this  case  the  corrected  departure,  &tc.  wor*-  found,  with  t]ie  course,  by  dead- 
recltoning,  and  the  difference  of  latitude  by  observation,  as  in  Case  IV*  of 
BDddle  Litilude  or  Mereator*8  SaiUng. 

CASE  U. 

"WlieD  flie  ehfine  was  between  three  and  five  points  of  the  meridian,  th6 
tfror  was  supposed  to  be  part  on  the  course  and  part  on  tiie  distance.  In 
this  case,  the  corrfctrH  departure  was  taken  equal  to  the  mean  of  the  depar- 
ture by  dead-reckoning,  and  the  de|iarture  which  corresponds  to  the  dis- 
tance by  dead-reckoning,  and  the  difference  of  latitude  by  observation.  With 
the  mrmtei  departure,  and  tfie  diJIbrenee  of  latitude  bf  observation,  the 
course,  ke.  were  fbund  as  hi  Case  II.  of  Bfiddie  Latitude  or  Mercator's 
Saifing. 

cast:  hi. 

When  the  ronr&c  was  more  than  five  points  from  the  meridian,  the  error 
was  supposed  to  be  wholly*  on  the  course,  on  the  principle  tliat  it  would  re- 
quire a  neatsr  'variation  m  the  distance  to  make  the  dead-reckoning  and 
obsemnon  agree,  tiiaD  could  be  supposed  probable,  whereas  it  could  require 
but  a  small  rhan{:;e  in  the  course  to  produce  the  sought  eflect.  In  this  case, 
the  corrected  departure,  kc.  were  found,  with  the  distance,  by  dead  reckon- 
ing, and  the  difference  of  latitude  by  obsen  ation,  by  Case  V.  of  Middle  La- 
titude or  Mercator*8  Sailinj^.  ^ 

This  method  was  pven  in  the  former  editions  of  this  work,  in  conformity 
to  custom,  thou);h  1  was  decidedly  oppos«'d  to  makinis  such  corn  ction';, 
being  cooviucod  that  the  difference  between  the  dead-reckoning  and  ubser- 
Tilifia  hi  more  ovring  to  unknown  corrrots  than  to  errors  in  the  courses  and 
distances  given  by  the  log.  Even  admitting  the  principle  that  an  arbitrary 
correction  of  Ihis  kind  is  proper,  the  preceding  method  does  hy  no  means 
appear  to  be  the  most  probable.  To  show  this,  let  us  take  the  following 
example. 

•  Suppose  the  course  by  dead-reckoning  to  be  33^  44'  59^,  the  dbtance  by 
Hie  log.  IM  miles,  and  the  difference  of  ktitude  by  observation  73.1  miles. 
This  comes  under  Case  I.  and  the  error  must  be  placed  wholly  on  the  dis- 
tance, which  is  to  be  foiuid  wUh  the  courne  35-  44'  (or  3  points  nearly) 
axKl  the  difference  of  latitude  75.1,  so  that  the  corrected  quantities  are  nearly 
hv  Table  I.  course  SS^^  44'  59^,  distance  88,  and  departure  48.8.  Now  by 
attering  the  course  two  seconds,  making;  it  55^  Vj'  1  ',  still  retaining  the  dis- 
tanre  by  dead  reckoning  100  miles,  and  the  difference  of  latitude  hy  obser- 
vation 75.1,  the  example  will  come  under  Case  II.  and  the  corrected  depar- 
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ture  is  the  mean  of  the  departure  bv  dead-reckooing  55.6,  and  tliat  eorre-  - 
spon^ng  to  the  ^BBtMice  109,  and  Coe  dUTeraiice  of  latitnde  by  obwmUloB 

73.1;  namely  68.2,  so  that  this  eometeif  departure  is  61.9  miles,  with  which 
and  the  clifferpncc  of  latitude  by  observation  73.1,  we  obtain  the  corrected 
course  40^  1 0'  and  the  distance  96.  Thus  we  see  that  by  alteriog  cou^ 
by  dead  reckoning  only  two  secondit  Hie  correetod  coune  varies  from  88^ 
44'  59^  to  40°  15^  or  above  6  degrees,  and  the  departure  varien  from  48.8  to 
61.9,  both  of  which  are  hi}!;hly  improhabh*.  This  defect  of  the  rule  evidently 
arises  from  the  sudden  change  of  tlie  method  when  the  course  is  near  3  or 
5  points ;  it  being  much  more  probable  that  the  variations  take  place  b^ 
small  degraest  in  such  manoer  thai  whan  the  eourse  by  deadfeekonhig  la 
^nudiy  on  the  meridian,  the  error  ought  to  be  in  the  distance,  and  when  thm 
course  is  8  points  from  the  meridian,  the  error  oufjht  to  be  in  the  course,  and 
at  intermediate  courses  the  errors  in  distance  ovight  to  be  greater,  the  nearer.  , 
the  eoiirae  httt  the  meridian,  and  the  errorsln  die  course  greater,  the  flir- 
therit  is  from  the  meridian.  Both  these  objects  are  attained  in  a  very  sim- 
ple mannei;  in  the  method  proposed  by  the  ingenious  methematician.  Dr. 
Adrian,  late  Professor  of  Malhrmatics  and  Natural  Philosophy  in  Co- 
lumbia College,  N^w-York,  which  is  somewhat  similar  to  mv  method 
of  oorrecting  a  surrey.  Hi$  method  emuisti  m  findmg^  vtUh  ikHg(/Mice  tf^ 
latitude  by  observation^  and  the  departure  by  account,  the  corrected  eoMWW  dSf»^ 
tance,  and  diffcrcncf  of  lonf^itude  hy  Ciu'ie  li.  of  Middle  Latitude  or  Sfercaior't 
Sailings  80  that  uo  correclion  wh;\tever  is  made  in  the  departure.  The  pro- 
priety of  this  method  win  appear  evident  by  observing  that  a  c^oge  iq 
the  departure  can  liave  no  temleoey  vrhatever  in  correcting  an  error  in  the 
latitude,  and  there  can  be  no  reason  given  why  mch  change  should  be  made 
to  the  eastward  rather  than  to  the  westward,  since  it  is  supposed  that  all  tho^ 
allowances  for  heave  of  the  sea,  fallio|  off  the  course,  variation,  error  of 
the  iogt  Itc.  have  lieen  previously  taken  mto  the  caleulation,  and  it  seems  to 
be  contrary  to  sound  reasoning  to  vary  any  of  the  elements  when  it  will  not 
serve  to  correct  the  known  error  of  the  latitude,  particularly  when  there 
can  be  uo  reason  given  why  the  change  should  be  made  in  one.  direction 
mtlMsr  than  anotiier.  In  addition  to  this^  the  proposed  method  is  not.&dile 
to  tile  inconvenience  of  a  sudden  change  in  toe  rules  when  tiie  course  is- 
near  3  or  5  points.  It  lias  also  another  advantage  with  respect  to  simpli- 
city of  calcuUtion  arising  from  the  circumstance  that  the  corrected  differ- 
ence of  longitude  Is  nearlv  the  same  as  the  difference  of  longitude  by 
dead-reckoning.  For  the  departure  is  not  varied  by  ^e  rule,  end  the  mid- 
dle latitude  differs  rarely  more  than  a  few  minutes  on  account  of  the  dif- 
ierence  between  llie  latitude  by  observation  and  account,  so  that  in  keep- 
ing a  journal  it  will  not  be  necessary  to  make  any  cliange  in  the  longitude  by 
dead-reckoning,  even  if  you  have  not  had  an  o'bservatioo  for  sevml  days^ 
Toilhistmte  this  method  I  shall  give  the' following  .  - 

EXAMPLE. 

Yesterday  at  noon  we  were  in  the  latitude  of  39^  18'  N.  and  by  an  obser- 
vation at  noon  this  day  are  in  the  latitude  of  87^  48'  N-  our  dead-rerkonin^ 
gives  107  miles  southing  and  G4  miles  westing.  Rec^uired  the  course,  dis- 
tance, and  difference  of  longitude  ? 

With  the  difference  of  latitude  by  observation  90  miles  (tile  difft^Tence  of 
87®  4n'  and  39^  18')  and  the  d.-jiarture  by  dead-reckoning  6i  miles,  I  find  by 
Case  II.  of  JVIid.  Lat.  Sailing;,  the  course  nearly  .SD^),  and  the  distance  110 
miles ;  and  with  the  middle  latitude  bv  observation  38^  SS',  and  the  de|)ar- 
tufe  64  ndles,  I  find  the  difference  of  londtude  to  be  St  miles.  If  tiie  mid* 
die  latitude  by  dead-reekonuig  89^  41'  had  been  talcen,  the  result  would  have 
been*  nearly  the  same. 

.  If  you  have  not  had  an  observation  several  days,  and  then  find  an  error  in 
tlM  latltiade  by  aoeotmt,  you  may  on  theije  principles  corroct  the  latitude 
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on  thfc  iiitiTmcdiaU-  tlay-^.  hy  gat  ing,  OS  t/ie  turn  of  all'  the  distances  sailed, 
since  the  jirst  obstrvatiun,  u  Iq  the  whole  «rror  in  tlu  Uitiludcy  so  is  the  suai 
of  fhe  Hiitanm  aqihd  frot^  the  tiku  tf'takimf^  Uu  firH  o&semofjMi,  to  mo» 
of  my  pariicnUn  daif^  to  the  cornction  of  the  lalitiuU  hy  dend- reckonitif^  on  that 
aay,$outhrrli^  if  tht  la^l  iitiludc  hy  oKvrmtion  !s  smith  of  tht  IdlilmU  by  dead- 
reck(ming,  otlutrwi^  norlhtri^.    Xiiu^Ji  it  tile,  lalitudcs  bv  UcaU-rcckoning  at 
ncMm  on  four  fu«ee!«lveda)W,w«M  4100',  41^  9O>\40>  <?»  480  O',  the  latitude 
by  obiM^rvation  on  tiie  fir.^t  day  41^  O'l.andoa  the  ]«ltday  4rP  10',  differing 
15  miles  from  thr  Uititudiv  by  aoconiit  :  the  dlHtanrc«  sailed  by  the  lof;,  on 
the  three  d'ly^*  resprx-tivulvi  Ji*'-  '■'♦'i  and  lUi»  luUea;  ^v^  mu-t  ^  ly,  .o  the  whol*' 
flum  oi  U^e  disC{iuci-s  iL-Zj  miUi^r  ^      tl{«£  errur  of  thr  laUiudc  1.;  miles,  so  is 
Ibe'  Ami  dista^e  so,  (o  the  oWMctipn  of lh»  seeond  biUtude  t^,  |uid  so  is  tk« 
■umof  30  aiid8!0  (s^l!iO)talh*».  coivccli'jn'of  til.:  t!  :  !  !  •  t  <!.  n  .  so  that  the 
.jDorrected  latHudf'H      Ur  i\  ^ « ,  iP  .-io  -f-i'=  ii      ,    '  u'-|-a'=4i'^  C  aiul 
49°15'»  and  the  rom'9l€d  djirt'reucee.u/  latitude  on  tl^c  successive  days  will 
b«      8f ,  and  07\  wkb  which  and  the- dephrture  hy  dead-rnckuoing,  tin- 
Cf|fr00te^JBa^Mei,  diitaiices,  kc.  on  each  day  may  be  found,  if  thought  ue- 
eessary ;  but  a.s  the  e.iirfoctKd  longitude  is  not  seusibly  altered  by  any  of  these 
corrections,  it  ai)j»<u»rs  to  hi:  iti  gun<'ral  wholly  uniiec^fss.u  v  to  make  any  al- 
teration in  the  Juurual  «ni  thiuaccaiint.    iiut.if  it  be  thought  proper  to  notice 
'tl^ae  correelKMfS'W  lAnttrag  dff.ibetiMk  of«i  ah'ip*  it  will  be  neoesMry  firat 
to  plot  uQ*  theco4|EB«s  hv  D.  R.  and  then  to  pbice  the  points  arrived  at,  at  the 
f»nd  of  f^rU  day,  a*  much  to  the  uohh  or  south  of  tlie  places  by  1).  K.  as  will 
make  the  latitudes  of  those  points  agree  w  ith  the  corrected  latitudes  found  hy 
the  above rwle. •  -  . 

The-latitud^  andlml^tude  by  dead-re(  kooing  being  f»und  by  the  ptiaeeA- 
ing  nnethfKii^  ?  thence  may  be  d»'tcrniiiu'd  th«*  bearing  and  distance  of  the 
pface  of  destination;  but  when  the  mariner  is  fearful  tliat  his  loiij^itude  by 
account  is  inaccurate,  and  he  has  no  lunar  observitiions  to  correct  it,  he  must 
get  fnto  the  Mtitude  of  the  place,  and  (if  possible)  run  east  or  west  aeeoiding 
to  Bis  sitHftlfioir,  and  thi^  prevniting  state  of  the  winds. 

We  have  noAv  g^lven  :«ll  thr  rnles  necessary  for  working  a  day's  work  and 
for  the  convenitnee  of  the  learner  (to  enable  him  to  refer  to  them  easily )-we 
•liaTe  here  coUwted  ihem  in^the  s^ren  following  articles. 

'  JRnief  fof  working  a  day's  teork. 

1.  Correct  the  spverni  courses  s;iiled*  for  variation  and  lee-way,  and  enter 
Ihem  in  a  travers«-t:ihle.  and  opposilo  to  each  coursr  pi  ti  e  th»'  distance  rnn 
on  that  c6urse,  foun'd  by  summing  up  the  knots  and  fathoms  sailed  by  the 
«|Ap  on  that  Qourae.  Find  in  Tkhle'I.  or  If.  the  difference  of  latitude  and  de> 
partura  corre%|Ofidjn{!;  to  vm-U  course  and  distance,  and  set  th(>m  in  their  re- 
spective columns  :  thm  tin*  diirt  renee  between  the  sums  of  the  northings  and 
southings  will  be  the  dificrencc  of  latitude  made  good,  of  the  same  name 
with  the  greats ;  and  th6  difference  between  the  sums  of  the  eastings  and 
westings  will  be  the  departure  made  goqd,  of  the  same  name  with  tha  great- 
er ^lantity. 

2.  Seek  in  TaWe  f.  or  II.  until  the  above  difference  of  latitude  and  depar- 
ture are  found  together  in  their  rcspeetiTe  columns;  opposite  to  these  will  be 
thedistaoce  made  gobd«  and  at  the  top  or  bottom  of  tne  page,  according  as 
the  departure  Is  lesv  or  greater  than  tbe  difference  of  latitudct  will  be  found 

the  course. 

3.  If  the  latitude  from  which  the  sliip's  departure  is  taken,  or  yesterday  's 
latitude,  be  of  ^e  same  name  as  the  Qiflerence  of  latitude,  add  them  together ; 
but  if  of  different  nam*  s,  take  their  difference ;  the  sum  or  remainder  will  bo 

the  present  latitude,  of  ihi-  sam»'  name  a*?  the  prreater. 

'   4.  Find  the  middle  latitude  between  the  latitude  of  yesterday  and  tiiis 


*  The  Mt  aiMt  diirt  of  a  carrent  (if  tktit  be  nay)  b  to  be  reelumed  m  a  «oa>M  aod  Uituncc,  umI  on 
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day,  which  take  as  a  roursc  in  Table  II.  and  seek  for  tho  departure  in  the  co- 
lumn of  Diff.  Lat.  then  will  the  distance  curreapoudiug,  be  the  diflcrcnre  of 
longitude,  of  the  time  name  as  the  departure.  f 

5.  If  the  longitude  in  yesterday  he  of  the  same  name  as  the  dUTereneeof 
longitude,  add  them  together  ;  but  if  of  difl'ercnt  names,  take  their  difference  ; 
the  sum  or  remainder  wriii  be  the  long,  in,  of  the  same  name  as  the  greater. 

6.  IfafaoarobteivatloRwerctakenat  anytiiMorflM  yotumigtfliid, 
by  the  above  method,  the  difference  of  longitude  made  since  taking  tiie  ob- 
servation for  regulating  the  watch,  and  thence  the  lon^tude  in  at  noon  by 
that  observation,  and  ejitcr  it  in  the  Journal  as  the  longitude  by  observation. 

7.  find  on  a  general  diart  the  spot  corresponding  the  latitude  and  lon- 
gitude by  ebeervatton«  and  that  place  will  represent  fhe'titnatMHi  of  Hhe 
TirtuBllce  the  bearing  and  distance  of  the  intended  port  may  be  found.  The 
same  may  be  obtained  by  middle  latitude  sailinp;.  by  inspection  of  Table  II. 
thus:  Find  the  middle  latitude  between  the  place  of  the  ship  and  the  pro- 
posed place,  and  ieek  for  that  latitude  at  a  coarse  Id  Tritle  II.  l^ld  find  in  the 
correspoiidiiigpage  of  the  Table,  the  Terence  of  tonf^tude  (between  the  ship 
and  the  proposed  place)  in  the  distance  column,  opposite  to  which,  in  the 
latitude  column,  will  be  the  departure.  Seek  in  Table  1.  for  this  departure 
and  the  difference  of  latitude  (but%veeii  the  ship  and  .the  proposed  place)  till 
they  are  found  to  agree,  ooitespdnding  thereto  will  be  tne- Bearing  anddk- 
tance  required.  If  me  magnetic  bearing  be  required,  the  variation  oraat  bo 
allowed  on  the  true  bearing ;  to  the  rifht  haod  if  thoTatintioois  weateriy,  or 
to  the  left  hand  if  easterly.       *'         '    •.  • 

We  shall  now  proceed  to  exemplify  .the  ohofo  rates ;  first  by  « tnr  exam- 
ples of  separate  day's  works,  and  then  bya  Journal  tk<m  Boston  to  Btadeira, 
sept  u)  the  usual  fonn.  •    «  . 


*  , 


•      r  « 
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EXAMPLE  I. 

Yesterday,  at  noon,  we  WBfe  in  the  latitude  of  4<0trN.  and  Ihc  longitude* 
of  36°  28'  W.  and  have  sailed  till  this  day  noon,  a«?  per  log;-board  :  requirtd 
the  course  and  difltance  made  good,  with  the  latitude  and  longitude  in  ? 
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R. 

1 

6 

4 

b 

r 
,> 

6 

5 

8 

5 

10 

3 

6 

3 

4 

o 

3 

4 

4 

4 

D 

6 

4 

6 

8 

5 

10 

1 

5 

1£ 

4 

Coucaes. 


^  N.  W. 


8*  tRT*  ^  8* 


•  LO«-BOARI>. 


W.N.W. 


I 


Keoiarks. 


These  t4  hours  modesBte^ 

and  cloudy  weaf  Iht. 
At  4  p.  M.  spoke  shin  Washing- 
ton, ^from  New-Yon*  boiund  lo 


At  6  A.  M.  stowed  die  anehon  and 

unbent  tho  cables  and  eofiMl 


thfm  brtwfoti  decks. 


i Variation  ij  points  westerly 


1 


T&ATEM^  TABLK. 


Dist 


8.  W.  i  S. 
th«|SSW.i  W. 
'  SbyWiW 


43 
39 

t7 


N. 


S. 


33.2 
34.4 
25.8 


Diff.  JUat.  93.4  Dep. 


E*  I  W» 


27.3 
18.4 
7.8 


By.  examining  the  log-board  it  ap- 
p«u«.  that  the  ship  goes  large  and 
makaiBO  lee-wa]r;  therefore  by  al- 
lowing the  variation  on  each  of  the 
courses,  they  will  stand  as  in  the 
adjoined  Traverse  Table.  Then 
distances  marked  on  the  ]o{;-board 
must  be  summed  up  and  doubled,  be- 
cause marked  only  for  every  two 
hours.!  In  allowing  for  the  knots, 
yoammtceekmildtoamile;  and  when  the  tenths  are  abOTO  9,  you  must 
add  one  mile  to  the  distance.  Having  found  the  distances  you  must  find  th« 
rorrespondinjr  differences  of  latitude  and  departures,  in  Table  I.  or  II.  and 
then  with  the  whole  difference  of  latitude  and  departure,  find  the  course  and 
diatance  made  good,  and  th^  dUTeranee  of  loogitiide,  by  Case  II.  of  middln 
latititd^  aiiphig. 

In  the  present  examptoi,  the  dilbnniCft  of  latitude  is  nf=z  1^  33'  S. 
Yeiterday*elatltiide.       -      •      •  •      *  ji  N. 

'   The  difference  is  the  latitude  in     ....      •      •      4i  48  N. 
Snin  of  lalitodce  85  9 

Middle  latitude   *  .  '^^ 

With  the  difference  of  latittide  made  j^ood  9d.4  S.  and  the  departure  53.r> 
W.  I  enter  Table  II.  and  find  they  correspond  nearly  to  a  course  of  S.  ^ 
W.  and  disUnce  108  miles.  Then  with  the  middle  latitude  47©  84'  or  48^,  f 
enter  l^iUe  II.  and  And  the  departure  53.5  in  the  lat.  eoliiBUi»  opposite  to 
which,  in  the  distance  cohonn,  n  thodiff.  of  long.  80'  s  l^  £0'  W. 
.LeogiMeieft        .      -      -  86  28  W. 
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87  48  W. 


•  As 
irat  vartatfm. 

martcdMittoierMBr 
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EXAMPLE  II. 

V<'sUrday  nt  noon  \vt>  \v<:re  in  the  latitude  oi'^b'^  46'  N.  and  the  longitude 
0117^  4i'  W.  and  iiave  sailed  till  this  noon  as  per  log-bos^rd  :  requked  the 
laUtuds^loagMfe  ib,  ii^  &e  bea^  aikd.^stBiic«  of  Oqie  Bt.  Weipt  I 
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6 

S.  E.  by  S. 

S.  W.  by  s. 

10 

b 

6 

11 

5 

4 

It 

5 

4 

14 


11 


and  clt^r  ^^iculbeF.  • 


At  8  A.   IVT.  ^an-  n  «;hip  tO 
ward,  steering  ea;>l. 


,  ^  V. 

... 


The  cotirscs  b<»ln^  corrccterl  for  Ire-way 
and  variation,  and  the  distances  sumojed  up 
(but  not  doaUed  tiinc«  the  log>botrd  is  mark- 
ed for  every  hour)  will  stand  as  in  the  ad 
joined  Trafcrse  Table.  Hence  the  differ 
mee  of  latiliide  onde  good  ia  10&.4  S.  and 
the  departure  81.7  E.  cooaequentiy 
course  ia  S.  38°  £.  andldhe  distance  133 
mQes  nearly. 


Courses. 


S.S.Kfl  E 
S.  E.  4  S 
S.  £:i  S 
tlielfi*  E.  i  E 


Dist 

S. 

t: . 

48 

41.2 

j:4.7 

31 

24.9 

\Z.b 

.s.s 

24.5 

22.2 

22 

14.8 

16.8 

Difl'.  L:«t.  10^.4- 

81.7 

w. 


Latitude  left 
Diff*.  oflat 

Latitude  in 
8am  of  lata, 
liiddlalat 


Dep. 


35°  Afffi. 
1   45  S. 

".I     1  N. 
b9  47 
94  AS 


With  the  middle  latitude  34^'  5:^'  or  35  \ 
ind  the  departure  91.7,  the  diff.  of  long,  w 
found  to  be  100  mllca^   1°  AffJL 
Longitude  lea  12  W.  '* 


H    t  W. 


Longitadeia' 

find  the  bearing  and  dktmte  o/  Capt  St.  VheinU, 

Latitude  in  34°    I'N.       Mcr.  parts    2i73       T.or:^.  in  16'^  2  W 

C.  St.  Vincent's  lat  37     IN.      Mer.  parU  C.St  Via.  Ion.    9  iw. 

sKomt  1 


To  find  Ike  heariv^. 
As  mer.  diff.  lat.  221  lug. 
Is  to  radios  ASP 


0=180'  Mer.diftlat  881 


Di£  long. 


!  7o  find  thf  dislmu, 

2.34439  As  radius  45^ 
10.00000  Is  to  prpp.  datht  180 


—  '    —  ----- ^w^w.^  «v  I' I  vf'*  Maa—      »e  AW 

89  la  di&  loBf.     jftO  Iqg.        2.62325  So  is  secant  couiaa  iSP  15* 


To  tang,  eoorse  62°  15' 


10.S7886ITotbediaUnee  386.6 


10.00000 
t.855t7 
10.33197 

t.5B7U 


HaM  lha  b6«(ii«  of  Cape  8t  Vineenta  b  N.  6»>  l^"  £.  and  dislaiU  386.6  milea. 
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EXAMPLE  \U. 

Support'  that  at  the  end  of  the  s«a  day,  iMarch  10,  las  i,  we  were  in  the 
latifade  of  4sO  34^  N.  and'  the  longitude  of  ^'E.  and  have  sailed  tfll  next 
nooo  as  per  log-board;  required  the  latitude  and  longitude  b,  and  the  vajria- 
tionof  thecompawt  ^ 
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Winds. 


South. 


S.  by  £. 


L.W 


Theee  24  hours  moderate  gales,  found  a 
small  curr<-nt  setting' N<  E*  at  ^le  rate 
of  one  mile  in  4  hours. 


At  8  A.  M.  sun's  magnetic  azimuth  N. 
1250  KK-E.  Alt.  of  0's  L.  L.  IS'^  40^; 
corrt  cMon  for  dip  and  semi-diameter, 

IC  additive. 


In  calrulating  the  >ariatiou  from  Uic  abi>\e  obsenation,  it  is  nrrcfsary  to  find  tlic  t!ec- 
lination  and  latitude  at  the  time  of  observation.  The  former  at  noon  ending  the  sea>dav, 
Mareh  1 1 , 18l4,  m  S°  36'  S.  by  Table  1 V.  the  eorreetioD  for  the  loi«.  36»  B.  ia-hV  14^* ; 
r^nd  for  the  timr  frnm  noon  4h.  is-f-'V  'l",  thcrr  forr  tlic  wliolp  correction  is  nearly  6', 
wtuch  added  to  ^  .i(>'  gives  the  decUaation  at  the  time  of  observation  3^  42'  S.  coQae- 
qoettlly  the  polar  distance  93^  42^.  '  To  fhKl  Hie  htitode  we  most  see  by  the  log-board 
wliat  cottnea  and  distances  the  ship  has  .'<ui!cd  from  noon  to  the  time  of  obacfTation  at 
8  A.  M.  viz.  W.  S.  W.  58  miles,  and  S.  \\ .  by  \\ ,  1^)  miles ;  the  current  setting  in  the 
same  time  N.  E.  6  miles  ;  these  courses  must  be  corrected  for  one  point  westerly  varia- 
tfoa,  irhieh  is  found  to  be  neariy  ite  fahw,  by  a  rough  calculatipn  made  wMi  the  latitude 
in,  the  preceding  noon  ;  and  by  arranging  these  rourscs  and  distances  in  a  traverse  table, 
we  find  that  the  dilierence  of  latitude  made  good  at  8  A.  M.  is  about  41  miles,  conae- 
qoevtly  the  latitade  m  at  lhe>luM  of  ehoenralion  is  nearly  42^  53^  N.  the  observed  atti- 
tude of  the  sun*s  L.  L.  is  18'^  40*;  the  correction  for  dip  and  fenii-iliomctcr-l-12',  and 
the  refraction  by  Table  Xll.— 3'  nearly,  consequently  the  .sun's  correct  altitude  is  ISP  49'. 
^  ith  these  data,  the  true  azimuth  is  calculated  a^i  in  page  113. 
Polar  dist.   99P  49f 


Latitude 

42 

53 

Secant  0.13505 

Akitiide 

18 

49 

Secant  O.OHSH^ 

Sum 

155 

24. 

i  Sum 

77 

4E 

Co-sino  9.S284-I' 

Polar  (list. 

93 

PZ 

• 

Remainder 

16 

0 

Co-sine  9.98284 

Sum 

Half  sum  is  log.  co-slne  57°  5' 

2 


19.47018 


Courses. 


True  azimuth       N.  114 
'  Mag' azimuth       N.  125 
Variation  11 

The  variation  being  allowed  on  all  the 
eounies,  and  on  the  set  of  the  current,  and 
the  distancea  being  summed  up,  the  traverse 
Cable  will  be  aaa4)oined :  and  the  JifTercnce 
of  latitude  made  good=r1<».M  S.  departure 
s=67.5  \V.  Hence  the  course  made  good 
S.  «3|o  W.  and  dtetances:84  nHes.  AndjN.E.  by  N 
by  icubtracting  the  difference  of  latitude  50 
from  latitude  left  43^  34',  there  remains  the 
lalita4o  in  4t^  44*  N.  Henee  we  have  the 
Biddi^Mtiide  43"^  ^,  with  which  and  the 
departure  ^7.5,  the  difTefence  of  longitude 
iM*i'2f  or  1"  32'  W.  nearly:  and  by  sub- 


10  E. 
19  K. 

9  W.  or  nearly  1  ^oint. 

 TaavtasE  tabus. 

Dist 


S.W.hv  W. 
S.  W. 


58 
32 
G 


s. 


E.  i  W. 


5.0 


5.0 


32.2 
22.6 


51. n 

5.U 


Diff.  Lat.  49.8 


48.2 
22.6 


3.3 


3.3 


Dep. 


inctiair  K  Am  (he  loagilode  left  8    E,  we  bare  the  longitude  ia  93^  20"  £. 
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sso      mi;tuod  of  keeping  a  journal  at  sea. 


EXAMPLE  IV. 

Yesterday  at  noon  we  Tvere  in  the  lat.  of  40P 19'  N.  and  in  the  long,  of  67^ 
58'  W.  and  have  sailed  till  this  toon  as  per  log-book ;  required  fhe  bearing 
and  distance  of  Cape  Cod  1 
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At  7  A.  M.  water  discoloured,  sounded  no 
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Latitude  by  observation  40°  52'  N. 

12 

4 

5 

Variation  }  point  W. 

The  distances  are  to  be  summed 
np,  and  marked  in  the  traverse  ta- 
bte  without  doubling,  becauee  the 
log-hoard  is  raarlced  for  every 
hour.  By  working  this  day's  work 
like  the  others,  we  find  the  diff. 
of  latitude  made  goodsSl.  6m. 
N.  and  the  dep.  40.  3ia.  W. 
hence  the  course  N.  52<^  W.  near- 
ly, and  distance  51  miles. 

Latitude  left  40©  19' 

Diff.  of  latitude  S2 


TRAVERSE  TABLE. 


Gounes. 

• 

Diat. 

N. 

S. 

E. 

W. 

W.  i  N. 
NWb^WiW 
NWbvWiW 

N.X.W.lW. 

15 
2 
10 

0.7 
0.9 
5.1 

15.0 
1.8 

8.6 
14.9 
— 

DifT.  Lat.  .Sl.C 

Dep. 

40.:> 

Latitude  in  bfD.R.        40  51 

Sumoflats,  81  10 

jj^ddle  latitude  40  35 

To  Jind  the  bearing 

Lat.  in  by  obs.  40O  52'  N. 
Lat  of  Cape  Cod  4i     5  N. 


N. 
N. 

N. 


With  the  mid.  lat.  40^^,  and  the 
departure  40.3  the  difi*.  of  longitude 
ia  00  WVf. 

Long,  left  67  56  W. 


46   51  W. 


Lonf;.  in 

and  distance,  of  Cajye  Cod. 

Long,  in  by  D.  R.     68^  51'  W. 

Long,  of  Cape  Cod  70  4  AV % 


Diff.oflal. 


1   188s78  miles^ 


Diff.  of  long. 


1  lSs78m. 


JVIid.  lat.  41  STB 

With  the  diflercncc  of  lonKltnde  73  miles,  and  the  middle  latlhido  41^  si8', 
or  41^*^,  I  find  the  depar.  54.6  nearly,  with  which,  and  tlie  ditlerence  of  lat.  73 
miles,  tke  beating  of  Cape  God  is  found  to  be  N.  970  W.  disluit  61  miles. 


(  i$i  ) 


dy  A  V€^AQ%  :g^^  TO  MADEIRA. 

,V^iiid8.|LW|  Remarks  on  board,  Thu^ftday,  Mar.  £5, 1824. 
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Courses. 
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7 

N.W. 


North. 


At  noon  i^ot  under  way,  with  a  fine  breexe 

IVoui  tile  W. 


At  8  P.  M.  Caj)!'  !;-ht-house  bon-  S. 

S.  K.  {  E.  distant  miles;  from  which 
I  take  inj(  departure. 


i 


V;iri;itiuii 


Course. 

Dist 

Diff. 
Lat. 

Dep. 

Lat.  by 
D.  R. 

Lat.  by 
Obs. 

Did". 

LOD^. 

NSG^Oi;  E 

!I4 

N. 

E. 

94 

N. 

45^  10' 

£. 

jxiirit  \vi'S(»tI) 
Lung 
VCki 


W. 


Bearing  and  Dist 


Funcbai  876044' E 


67^      distance  £493  roileff. 


Cj|h*  CoJ  bearing  irom  the  ihip  9.  8.  K.  i 
L.  Uitiant  rj  inilc«,  is  the  Mme  as  if  the  sliip 
had  Miied  fruiu  it  U  miles  upon  the  opposite 
or  N.  N.  W.  i  W.  point  of  the  coropus,  and  al- 
Jowing  tur  the  variation,  it  bcfloaiM  H .  W.  by 
N.  tbM  vaA  the  dlttaaot  12  milci,  arc  to  tw  m*( 
to  tiM  umvctM  taUe  m  the  Sni  eunrm  uid  di*- 


Hm  iblp  alM  all  day  upon  an  E.  by  8. 
eouna  \n  aouip—,  which,  by  allowlaf  Um  vari' 
ation  te  E.  i  S.  Th«  whale  diiianee  tailed  Cor 

the  Him  of  all  the  (li<«(anc««^  Is  101  miles.  With 

tbew  roorsf  and  di>tAncc«.  I  find  ihe  correspond- 
In";  (lilft-r-nccs  oi  laliui'k' .iiui  ill  pui  turrii ;  and 
\>\  •"uljU.ictiiii:  ilir  Mxitliiii:;  Irom  ibi-  iiurtiiing^, 
i-uM  ihf  wt  stin;,'  ir  .im  the  eastiBg^,  And  that  the 
Utilerence  u(  latitude  inade  eood  is  5.0  K.  aod 
«hed^Brtii|«9«.SE.whkh€MnnMpoad  toa 

l«k flritadfiPBaLor  Cape  Coini lab        420  5 
IMlr.  of  lat.  0  6 


T&iiVi:K.SL  lABLE. 

GourseiC^ 

Dist. 

N. 

E. 

w 

N  W  by  N 
£.  iS. 

\l 
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f 

10.0 

0.0 

100.9 

C.7 

10.0 

r».n 

5.0 

100.9 
0.7 

6.7 

D.La^  5.0 

Dep.  94.2 

Latitude  iu 
8tiin  ol'  lata. 


10  N 


«4 
«3 


16 
t 


N.|    Then  with  the  middle  Iniiluiie  l»o     «  course,  I 
N.  enter  Tabk-  II.  and  .ifaifiiii  the  departure  91.2  («c 
fM.4  which  is  llie  neare!>t  tabular  number)  fotiod  tat 
ihe  latiiude  column,  is  I27ii^tbe  diflierrncv  of  lungi 
ludc  in  the  distance  rulumn 

Lonf.friWiOrCaMCod'klMff.  «P4'W. 

mTmc.  «  y  K. 

ST  «7W. 


JTaMlMd^lit  IS  SSM. 


long,  hi 

5*     Jf»  Mer.  parte     gWS  Loag.  la 


 .parte 

Mer.  parte 


SOTS 


6r>57'W. 
FunchaPs  ion?.  16   54  \V. 


Uer.dUTlak  782 


In  miles 

Wit»i  ibe  nierid.  diff.  lat  722  miles,  and  difT.  of  loae.  9009 
F..  and  » iih  thi«  bearing  taken  as  a  courie,  and  the  MM 

lo^  to  be;2i99  aUfs^bjr  Caw  \.   MnsMofi  nUbir 


DifT.  long. 


61 
60 


In  miles  3(X>a 

the  bcarioc  le  foaii4  to  be  S.  Tto  44' 
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Courses.  [Winds.  LW.  Remarks  on  hoard,  Friday,  March  £6,  18£4. 


E.  by  S. 


E.hvSiS 


N.byE 


N.N.E 


E.  S.  E 


Fresh  ^ales  and  pleasant  weatlier. 

Saw  a  number  of  fishing  vessels  to  the  south- 
ward. 


At  noon  observed  the  altitude  of 
the  sun's  lower  limb  bearing 
south 


Correct  altitude 
Subtract  from 

O's  zenith  distance 
0*s  correct  declination 

Latitude  by  obserration 


07' 

N. 

0 

1: 

50 

.i9 

90 

00 

39 

ii 

N. 

a 

N. 

41 

43 

N. 

Course. 


SCO^LVE 


Dist. 


Diir.i 
Lat. 


2Y 


Dep. 


E. 
160 


Variation    p(»int3  westerly. 
Lat.bv  L.it.bvlT)i'irr 
D.  K.  I  Obs.  'LiuiK 

~n7 


41*^  13 


N.  I  E. 
4lC»4;V.P.s:i 


Long,  in 


W. 


Bearing  and  Dist. 


FunehaJ  7B<^i7'  E. 
distance  £rJ26  mi)es. 


The  vnriation  beinj;  allowed  on 


...  ,  

joming  traverse  table;  from  hi-ncc. 
by  mean;*  of  Table  I.  I  And  the  dif- 
ference of  latitude  27,0,  and  the  de- 
parture 100,0,  which  corresprinds  Ut 
the  course  S.  i>0-^  I  j  E.  and  the  dis- 
lanre  162  miles.  ^ 


Dtir.  uf  latitude 

Lntilude  in 
2Stim  of  btitudcs 
Aliddle  latitude 


10'  N 
27 


1                    TRAVERSK  TABLE. 

Courses.  IDist.  N. 

S.- 

E. 

VV. 

E.  \  S.  42 
E.  il  S.  4i 
E.S.E.IE.  79 

±1 
6.2 
19.2 

41.9 
41.5 

76,6 

D.Lat.  27.5 

160.0  Dep. 

41    43  N. 

Z3  £3 
41  66 


*>  till  lilt:   iiiiuuic  luiiiutit-   ii<'  <w    iir  4<v  ( 

.  *oar<e,  I  4>ntrr  TaMr  U.  and  arrk  for  the  dcfiv- 

j  lire  l6>J,0  inihc  Uritu<le  roluntii :  the  oearm  nom- 
l-"r  ii»  wliirh  In  1.99.8  corrckponding'  to  the  fli»iaitce 
which  is  tbeirforr  ilie  diflercoce  of  lonfriiode, 

30  S5'  E. 
67    57  W. 


Yesicnliiy'fc  long 


Long  in 

7^0  find  the  hraring  and  distance  of  FitnchaL 
Latitude  in      41^  4.'$' N.  Mor.  parts    27,i9         Lonpludc  in 

Funcbal's  lat.  32    38  N.  Mer.  parts    2073         FuncbaPf*  long. 


64   22  W. 

64c  22'  \V. 
16    54  W. 


Diif.  of  lat. 


9 

60 


D.  !at. 


686 


Diff.  of  lon^. 


47  28 
60 

2848 


In  miles  54^  In  miles 

Bt  Caw  I.  of  Merc*torV  sailing,  I  find  tbc  bevring^  of  Fiinclial  to  be  S.  76o  ZT  E.  and  itB  distance 
2S26  inile«. 

Whrn  Xhf  (Uii  wa«  upon  the  meridian,  ibe  allilitde  of  bb  lov^-er  liuib  \\n%  .S(P  27  ,  In  wbich  add  IS* 
for  tbe  trniiHliaiiM'ter,  imriillnx.  and  lb**  dip  of  tb»>  boriznn ;  ibf  rplrariion,  (fjlvfn  In  Table  XII.) 
for  lhi>  altitud«>  Ix-iuj;  email,  is  ncBlrri^ii;  hrKe  U»e  rorreci  rentrni  ailbtide  wa<»  50°  S9'  wblch  wb- 
tr.icted  from  !.«/>,  lenvp*  Uie  »rnilh  dlgtancrSno  Jl'  wbich  must  b^  Mllfd  norlb.  bt^catue  tlic  tun  U>r« 
»outb  when  on  tlie  nirriilian ;  ihcii  in  Tablr  IV.  1  fiiul  tUr  siin'»  itrclination  nt  o«»«n  at  Orrenwicb= 
SP  18'  V.  to  iliii  add  the  correction  4'  taken  from  Table  V.  correajwodinp  to  tbe  »blp'»  lonfilude  ;  tbe 
•um  N.-=tlie  correct  decllnntlon  ;  and  since  tbe  declination  and  xpnilli  dltinnce  are  Dotb  nonb, 

1  add  tbem  tofrpiber,  and  lJ>e  torn  will  be  tbe  latiitide  \>y  ebserraiioic=4lO  43'  K.  wbiri)  agree*  witb  iU« 
(atilada  by  account. 
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L  W  Kfiiiurks  fill  l(o;iiil.  S;itunl;ij  ,  Mar.  "27,  \ 


All  tliHsr  hours  frt-sli  Ureezes  ami 
•listr. 


>lrr.  alt.  sun's  lower  liinh 
Add  for  somi-di'im.  di|>,  Jkc. 

Sun's  fornjct  nltittido 
Sul>trac.l  fniin 

Sim\  zi'nilh  di  i  .m  <• 
Sun's  rorrrcl  <lt  cliii.«iiitii 

[jatitud<;  oU.si.r^  ("d 


fjp  4JI' 

.#2  0 

!)()  00 
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'1  k;  N. 


Course. 

Dist. 

Uiff. 
Lat. 

D.R.'  Oh.«».* 

S. 

47 

"eT 
ia(i 

N.  f  N. 

THAVF.RSK  T.\IH,K. 

Varialiou  •{ 
i)ilV. 
Lons: 

E. 

40  8 


Hiiiit  wijsli'rly,  {KT  nni|)lit(ide. 

Long.  in. 

Hearing  and  Dbt. 

W. 

f>0^  14' 

Fimchal  S.  70^  4a' 
E.  dijit.  ^ilS7  miles. 

Course. 


E.S.E.iE 


Ui.su  iS. 


The  ship  sailed  all  day  «ij»on  the 
same  nmrse,  which,  corrected  for 
"  ;the  variation,  is  E.  S.  E.  \  F2.  tlir* 


iy-2  D.Lat.  4«?.7;i»t5.<  Oep.j^^.hoh.  ajj^tanre  sailed  i.s  192  miles, 

;tnd  the  tlinVrence  of  latitude  is  47 
miUs=  0^  47'  S. 

Ye^terd:iy'ri  latitude      41     4.S  N. 

Latitude  l»y  D.  R.        40    jtJ  N. 
Ikncc  the  latitude  by  ancotint  tUHrrs  in  milci  from  the  laiilude  by  observation  ;  but 
it  will  not  be  necessary  lo  correct  the  loii<;itu(lc  on  account  of  this  error. 

II  13' .N.I  With  the  raiii-lle  latitude  41^  11'  as  ;\ 
|o    .lf>  N.j  cour-r,  nil  I  thr  tii  p;irtun;  ns  dirtcr- 

  cticc  of  latitude,  1  find  the  correspoiidinn 

">7  -   which  is  ciiual  to  the  diflcr- 

L")  .  ,  .   „df  \'    S'  L. 

M  rday'slong.  64   22  W. 
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f.Mtitudc  yesterday  by  obs. 
f.nt.  bv ob^.  this  day, 

Dilt.  01  l;it.  by  ol)/i. 
Sum  of  latitudes 
.Middle  latitude 

\oU.    Art  this  Journal  i-*  only 
not  cndcavourcil  to  ^ivc  the  true  \ 
To  find  the  i 
Latitude  in        40  '  4b' N. 
Kuucljurb  lat.     32    3S  N. 


1. 0112.  in 
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ivlcr.  par' 
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4  lo  exemplify  l!ie  rules  of  iiav  jj^atioii,  we  li'i^t 
I. 

nwl  dh'tnncf  of  Funclinl 
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l  um  li  il'a  long.    Hi    .*>4  W  , 


Ditr.  of  lat. 
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F.lCoiirses. 


S  £.byE.  NE  by£. 


SL.bv  S. 


Winds. 


G.  Pf«  £• 


K.  by  iN. 


L  W 


Remarks  uu  buard,  Sunday, Mar.i^8,  ltti4.' 


Fn  sh  ^ab's  with  rain. 
At  \  A.  M-  spoke  the  ship  FrankliDt  from 
Philadelphia,  bound  to  Lisbon. 


At* noon,  observed  mer.  alt. 

suii'a  L.  L. 
Add  for  Beini-4iameter,  &x. 

Sun's  correcl  altitude 
Subtract  from 

Sun's  zrnith  distance 
Sun's  correct  declination 

Latitude  observed 


5S0  5ir 


0 

If 

i>4 

90 

00 

S5 

&5  N. 

S 

39 

4N. 

Coarse.  Dist. 


188 


Diff. 
Lat. 


Variation  \  pnirits  we-terly. 

litariii;;  and  Dist 


I 


Dep. 

I, at.  by 
DR. 

Lat.bv 
Obs.' 

Diff. 
TiOng. 

Long. 

in. 

IT" 

N. 

N. 

E.  !  W. 

s. 

102  ! 


W.  'Funcl>aJS.7!l-7'E. 


TRAVKREK  TABf-K. 


Courses. 


n 
» 

i  s. 


Disl. 


bid 
44 
46 


-20.}: 
S'J. 


S.  F. 
Is.  K. 
|S.S.E..iE. 

I  '  D.Lat  10l.9|98.3Dcp 

¥4!8ter<lay*8latitiuie  40^46'  N. 
Uifiercnce  of  latitude  lOi'ss  1  42  S. 


S. 


E. 

10.2 

:3.o 


w. 


The  Ice-Tvay  and  variation  being 
allowed  on  the  courses,  tliey  will 
stand  as  in  the  adjoinrd  traverse  ta- 
ble. Then  with  the  difference  of 
latifiidc  and  departure  Un'  course  is 
found  to  be  S.  42^  E.  and  the 
distance  198  mUes. 


Latitude  i.i 
Sum  of  latitudes 


With  the  middle  lat  99^  55'  or  40^ 

as  a  course*  and  the  dep.  93..S,  taken 
as  ditlVrenee  of  lalitiulr.  the  diff.  of 
S9     4  N.llon^-.isrnuiultobf  I  -i-innie>=  i-^  2' E. 
7D    50      jYesU  rday    longitude  60  UW. 


Middle  latitude  S:)    55      ILonRitude  in  58  12W. 

The  eonrse  made  {rood  earh  day  is  marked  in  the  journal  to  degrees  and 
minutes,  as  il  was  calculated  by  logarilhmti ;  but  for  praelieal  purposes,  it  is 


sufficiently  exact  to  find  it  to  t)ie  nearest  degree  by  means  of  Table  II. 
To  ftuf  :he  bearing  end  dista$ux  of  FunekaL 
By  Cas«*  I.  j^fiddlc  Latitud*  S  lilinjc. 


Lalifudr  in  rl'J^    4'  N. 

Funchul  s  latitude  32    3U  N. 


rjonj;iln<k'  in 
Funchal's  lougitude 


BitTereitce  of  bt  0  •S6&s886  miles.       Difference  of  long. 


Sum  of  latitudes  71  15 
IHfddle  latitude  51 


In  miles 


:i478 


With  the  middle  lalltade  SS^  61'  or  360  as  a  eoiine,  and  the  difference  of  loogitude 

t-l  /  S  as  a  (liManrc,  I  calculate  the  .]( partur.: ;  with  that  nn-l  the  dUfereoee  of  Utttode, 
1  litid  ibe  <Ustance  aod  coune,  by  Ca^  I.  of  Middle  LaUtude  Siaing . 
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F.;  Courses 


FROM  BOSTON  TO  MADEIHA.  iiS3 
AVindsyjW  Rcinarka  uii  board,  Monday,  Mar.  ^9,  ^24. 


South. 


S.  i  K. 


1 


These  t4  honrs  moderate,  pleasRtit  weather. 


1^ 


Merit],  alt.  Q'l  lower  nmb  ST 
Add  for  semUdiameter,  dip,  Uc,    0  is 


0'»  correct  altitude 
Siibtniet  from 


G's  zonilh  diHtnrir*' 
0*s  correct  dediiiHtioit 

Latitude  observed 


55 

44 

od 

00 

34 

ir.  N. 

3 

3»2  N. 

»7 

41  N. 

Course. 


South. 


Dist. 


86 


Lat. 
86 


Dep. 


0 


Variat'um  1^  point  westerly. 
Lat.  hy  Lat.hyl  Dill".  ' 


D.  R. 
N. 

.470  38 


370  4«i 


!580  If' 


Bearing  and  Dist. 


FuDchalSttlOn'fc: 
dlrtancf  5046  tiai^^. 


TKAVKK8F.  TABi.K. 


Courso. 


South. 


Dist 


86 


N. 


8. 


£. 


W. 


86.0  Diff.Lat. 


ill  the  same  longitude  as  yesterday. 

Yesterday's  latitude 
Difiarence  of  latitude 


Tiie  leu-wav  aud  variation  being  al- 
lowed on  both  courses,  thry  become 
south ;  tbe  whole  distance  sailed  or  86 
niib'S.  is  tlierefore  the  difierence  of 
latitudf-  hy  account,  the  departure  be- 
ing nothing;  conse4uent)y  tiie  sliip  is 

999  4'N. 
86s  1   SC  8. 


Latitudf:  in  hy  I).  R.  37    SV,  N. 

The  l;ititu(h'  hy  ohservatioti  was  37^^  48'  N.  d?fl«TiiiK  10  niih  s  from  tlie  ac- 
cottnt;  but  tiiis  wiJl  not  render  it  necessary  tu  eorn-ct  the  longitude. 

To  find  till  bfarittg  and  distance  of  I-'unchal. 

I.:itifii(li' in  370  48' N.  Mer.  parts  24.'i3  Longitude  in  12'W. 
Funcbal^lat.  32   38         Mer.  parts   2073     Funcbal'slong.  16 


Biff,  of  lat 


5  10 
60 


Mer.diff.lat.  980    Diff.  oflong.  41  18 

60 


In  miles  910  In  milr«!  2178 

Hence  the  bearing  is  IouthI  to  he  S.  81^  17'  E.  and  the  distam  .-  i04t;  inilei^, 
by  Case  I.  of  Mercatur's  Sailing ;  and  the  same  may  be  found  by  raidditj 
latitode,  which  is  the  most  exact  method  when  the  two  latitudes  differ  but 
little ;  and  it  is  the  way  hi  which  the  calculation  wiH  be  made  in  the  i¥at  i»f 
thft  journal. 
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Coursfs.iVVinds.iL.W 
Easu'  S'.NE. 


H  K.  F. 

13 

ill  S 
31  3 
4'  3 

it  Lay  to,  up  S.  li.  by  E. 
uffS.E.  by  S.  Drift  li 
miles  per  hour. 


6 


These  ii  ;  hoiire  fresh  gales  and  squally. 
Handed  the  fore  and  main  courses. 


0 


Kemarks  on  board,  Tuesday,  Mar.  80, 18«4 


£j  5 


E.  by  N< 


3  0; 

2! 

2|  b 


SEhyS 


o'Up  S.  ofl'S.  AV.  Diifl  -J 
10         miles  jier  liour. 

1 1 

)2 

I 

-  -  r> 

3|  si 
4!  3, 
6|  3;  5 

o 

I) 

10 

11 


At  niiiLiight  more  moderate ;  wore  ship  and 
set  tlie  courses. 


At  6  A.  31.      the  topsails  close  reefed. 


Course. 

.1      .  . 

Dirt, 
hat. 

7 


Dep 
E. 

30 


Variati<»M  1  |ioinl  westerly. 

1,'dl.i}}  Lat.by    Dill'.  Long 
Long 


D.  R. 


N. 


Obs. 


E. 
00 


W. 


Bearing  and  Dist. 


FunchaJS.80O58E 


distance  gOI7  miles. 


E*  S.  E* 
South. 

w.  s.w. 

N.E.i£. 


N. 


TKAVKH-^t  TAHL.K 

CoursesTbist. 

VL 
6 

fi 


20.3 


D.  Lat.  7.4 


4,0 
6.0 

2*  d 


12. 'J 


E^ 
11.1 


ppp.  30.3 


5.0 


T.iking  the  niiddh-  points,  (viz.  S.  E. 
and  S.  S.  W.)  between  the  point  to  which 
llie  ship  comes  to  and  falls  off,  as  taught 
in  the  roles  of  lying  to,  and  then  allowmg 
as  before  for  the  variation  and  lee-way, 
Ihr  ti-ivorse  table  will  i^tanil  as  adjoined. 

With  Uie  difference  of  latitude  and  de- 
parture the  course  is  found  to  be  N. 
76^  17'  B.  and  the  distance  SI  miles. 


Yesterday's  latitude 
Difference  of  latitude 

Latitude  in 
Sum  of  latitudes 
-Middle  latitude 


870  48'  N.I    With  the  middle  lat.  37^  01'  (or  38-) 
7  N.asa  course,  and  the  departure  30.3  used 
— 17;      as  difference  of  latitude,  I  find  thedif- 
43    '  ference  of  longitude  to  be  0°  38'  E. 

87  &1 


Yesterday's  longitude 
Longitude  in 

To  find  the  hmring  and  distance  of  Ftmehol* 

Latitude  in  37°  bf/  iN.  in 

Funchal's  latitude  32  3U  N.  Punchal's longitude 

Diff.  of  latitude    C»  17=817  miles.    Diff.  of  longitude 
Sum  of  latitudes  70  88 

jtfiddle  latitude  Si  16  In  miles 


51 
57 


12  w. 

d4  W. 


57€>84'W. 

16    51  W. 

40  40 
60 

S440 


With  the  middle  latitude  3jO  16'  and  tlie  difference  of  longitude  «440,  the 
departure  is  found  to  he  100« ;  with  that  and  the  difference  of  31 7,  the 

bSSuii  of  Funchal  is  found  to  he  S.  BO©  58'  E.  and  the  distance  «017  miles. 
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Course. 

East. 

Couiscs. 


Winds 


E.  S.  E 


EbySiS 


South. 


S.  4  E 


LW 


KeiiiarkiiOii  board, WediM-stlay,Mar.3l,ia24 


Pleasant  gales  and  fair  wrnther 


Dist 
151 


Dift*. 
Lai. 


^  1/il.by 


E. 
151 


N. 


Obs. 

uitr. 

Long.  in. 

eT" 
50  11' 

W. 

54°  23' 

Bearing  and  Dist. 


Funclial  S.  liO'^  12' 
E.  dist.  liiGSiniles. 


The  variation  and  leo-way  being  allowed  on  both  courses,  it  appears  that 
the  ship  has  made  a  due  east  course,  tiic  distiince  sailed  151  miles  is  tho 
departure,  and  the  ditference  of  longitude  is  fuund  by  Case  II.  of  Parallel 
Sailing.  The  latitude  in  is  the  same  as  yesterday's  lat.  37*^  55'  N.  Taking; 
this  as  a  course,  and  the  departure  151  as  dilPerence  of  latitude,  the  distance 
which  corresponds  is  the  ditference  of  longitude,  191  railes=  3^  11'  E. 

Yesterday's  longitude  57    34  ^\. 

Longitude  m  54    ^3  W. 

To  find  the  bearing  and  distance  of  Fuhchal. 


Latitude  in 
Funchal's  lat. 

Diff.  of  latitude 

Sum  of  latitudes 
Middle  latitude 


370  55'  N. 
32    38  N. 


5    17=  317  miles. 


70  33 
35  16 


Longitude  In 
FunchaPs  Ion 

DiCf.  of  long. 
In  miles 


540  23' W. 
16    54  W. 


37    29  W. 
00 


2ii49 


Hence  by  case  I.  of  Middle  Latitude  Sailing,  the  departure  is  found  to  be 
183G  miles,  the  bearing  of  Funrhal  S-  80©  12'  E.  and  the  distance  ISBSmib*"?. 
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F.'  Coursfs. 


Ll.  t^.  £. 


EbySiS 


East. 


Winds. 


S  hyW 
Soutli. 


LW  ilrmarks  on  bi»artl.  Thursday,  April  I.  I8S4. 


S.bvE 


Fresli  galf  s  and  pleasant  weather. 


Obs.  nifr.  alL  sun'^  lowrr  Hnib 
Corri'ct  for  semi-diain.  dip,  fccc. 

Sun's  r(»rrer.l  altitude 
Subtract  from 

Sun's  zrnilh  distanrr 
Sun's  diTlinalkon 

Latilutie  ubsfrvt-d 


12 

b7 

11 

90 

00 

fi'Z 

49  N. 

4 

41  N. 

so  N. 

Variation  1  point  wost^'Hy 


Course. 

Dist. 

UifV. 
Lat. 

L;il.by 
D.  R. 

Lai. by 
Obs.' 

Ditr. 

Look. 

Lung.  in. 

S85024'E. 

20^ 

s. 

10 

K. 

201 

N. 

37^  39' 

N. 
3-0  30' 

E. 
P  10' 

W. 

TiO^  8' 

Bearing  and  Di»t. 


Fiinchal,  S.  79^5rE. 
iliutance  1658  milea. 


TRAVKKSK  TABLK. 

Courses. 

Dist. 

N. 

S. 

E. 

\V. 

E.  by  S. 
E.  i  S. 
E.N.E.iE. 

100 
70 

30 

Diff. 

10.2 

19.0 
6.9 

98.1 
69.7 
33.0 

10.2 
Lat. 

26.4 
10.2 

16.2 

201.3  Dep. 

The  courses  being  corrected  for 
lee-way  and  variation,  the  traverse  ta- 
ble will  be  a4  here  given. 

Hence  the  course  is  S.  80°  24'  E- 
distance  202  mile». 

Yesterilay's  latitude  37^  50'  N. 
Diff.  of  latittide  16  S. 


Lat.  in  by  account 
Yesterday's  long. 


37    39  N. 

04  23  ^y 


With  the  mid.  lat.  37  ^  42'  and  the  dep.  201.3,  the  difl'.  of 

long,  is  200=   4    15  E. 

Longitude  in  by  account      00     8  W. 

The  latitude  by  obsv'rvatiun  differs  9  miles  from  the  latitude  by  dead  rerk- 
oiiing.  but  the  longitufle  requires  no  correction  on  this  accofint. 
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K.  F.  Courses, 


8 
8 
8 
8 
8 
8 
9 

n 

0 
9 
9 
0 
9 
9 
9 
9 
9 
9 


Lt  E*  S>  E« 

5 

5 


E>    S'  Er 


VViiuls. 


South. 


s.  vv 


LW 


0 


K»'niarksou  lioard.  Friday.  April  i.  ir.il. 


Fif sh  gnlfs,  with  r.iin. 


Saw  a  ship  to  the  southward. 

This  <hiy  took  a  hmar  ol»scrvalioii,  by  nn'a- 
surioK  the  distanc*'  of  lh«'  moon  from  thr  star 
Polhix,  the  lou{;itude  at  noon,  deduced  from 
this  observation,  was  45^  50'  \V. 


Variation  1  point  westerly. 


Course. 


S79^5G'E 


Dist. 


Difi'. 
Lat 


202 


S. 

35 


Dep. 


E. 


Lat.bvlLat.by 
D.    ti  l  Obs. 


N. 


199  SC^'.'i.Vi 


DilT. 
Long 


E. 

4^  9' 


Long.  in. 


W. 


Bearing  k  Diat. 


Funchal  ^.vy^hO'K. 
dist.  I4.'>6  miles. 


TRAVERSK  TABLK. 

Courses. 

Dist.l  N. 

S. 

E. 

W. 

E.  h  S. 
E.  by  S. 

42 
IRO 

1 

4. 1 

Hi. 2 

41.8) 
1.'jG.9| 

D.Lat.  35.3 

198.7  Dep. 

The  lee- way  and  variation  being 
allowed  on  the  courses,  the  lraver.s« 
table  will  be  as  here  given;  hence 
the  rourse  was  S.  79^-'  5i5'  E.  and  the 
difttance  ^202  miles. 


Yesterday's  latitude 
Difference  of  latitude 


30'  N 


L.ntitude  in 
Sum  of  latitudes 
Middle  latitude 


,%    55  N. 
74  25 
37  12 


AVith  the  middle  lat.  tM^  \  z'  and  the 
dep.  198.7,  the  (liflerence  of  longitude 
is  f(»un«!  to  be  i:40  miles=  4^    9'  E. 
Yesterday's  longitude    jO      8  W. 


Longitude  in 
To  jind  the  U  arin^  and  dUtattcc  of  Funchal. 


Latitude  in  ;>60  55'  N. 

Funchal's  latitude  f,-2   .S8  N. 


Oifr.  of  latitudi 


t  17r=257ra. 


Sum  of  latitudes  «9  33 
Middle-  latitude      34  40 


Longitude  in 
Funchars  longitiid< 

Diff.  of  longitude 
In  miles 


4.>     :.9  W. 


45°  59'  W. 
ir,    54  AV. 


1715 


Henre  by  Case  I.  of  Middle  Latitude  Sailing,  the  bearing  of  Funchal  i« 
found  to  be'  S.  79-  50'  E.  and  its  disLinre  i4f>K  niile'«. 
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GourseslVVinds 


E.  S.  E 


West. 


N.  W. 


North. 


LW 


Rmarks  on  board,  Saturday,  April  .S,  18^4. 

Fresh  gales  and  rainy  weather;  latter  |»art 
dear. 

A  great  swell  from  the  N.  £*  for  which  I  allow 
9  miles. 


Obs.  alt.  s(in's  lowor  liml)  at  noon 
Correct,  for  seml-diam.  ^c.  add 

Sun^s  correct  altitude 
Subtract  from 

Sun's  zenith  di.>}tauce 
Suo*8  dedination 

Latitude  observed 


i 

0 

.•)Q 

10 

1 

90 

m 

30 

50 

N. 

5' 

«7 

N. 

86 

17 

N. 

Course.  Diet 


'S79-^22'E. 


^217 


Ditr. 
Lat. 

sT 

40 


Dep 


Lat.liy 
D.  R. 

E.  '  N. 

21.-i  :1G'^  IT)' 


Variation  1  \  point  westerly  per  azimuth. 
LatTby 

N.      E.  W. 

df.^  17'l40  25'  4lO  .'W' 


Dift'. 
Long. 


Long.  in. 


Bearing  and  Dist. 


Funcbal  S.79-50^B. 
dist  1240  miles. 


TRAVK.nSK, 

TAllLK. 

Courses. 

Uibt 

s. 

E. 

\V. 

E.  3  S. 
SSW.IW 

220 
9 

32.3 

217.6 

0.lat  40.0 

C17.6 
4.6 

4.6  1 

1 
< 

Dep. 

21.-3.0 

.  i 

Witli  tlu'  middle  lat.  .Si>-dti',an(l  the 
dep.  tlS  miles,  theditl^of  long,  is 
found  265  miless       4^  £. 

Yestttiday'a  long.    4S  59  W. 

Longitude  in 


In  this  day's  workliic  swell  is  consi- 
dered as  a  current  'setting  the  ship  9 

miles  per  day ;  and  since  die  swell 
romes  from  tlir  N.  E.  it  mii<*t  set  the 
•^hip  S.  W.and  allow  ing  the  variation  S. 
S.  W.^  W.  9  miles,  these  are  placed  asa 
course  and  distance  In  the  travrrse  laMe. 

With  the  difference  of  latitude  and 
departure  the  course  is  found  to  he,  S. 
79^22'  E.  .niiltlir  distance  217  m\\c^. 

36^ 


Yesterday's  latitude 
Diff*erenee  oi'  latitude 

Latitude  in 


s. 


3C 


55' 
40 


Latitude  in 
Funchal's  latitude 
Diflference  of  ktitude 

Sum  of  Latitudes 
Mm^le  latitude 


41    31  W. 

Tofinil  the  hearing  and  ditlance  of  FSnichal. 


36^ 

a2 


S  59a 

68  55 

.Tt  27 


17'  N. 
419  m. 


Longitude  in 
Funchal's  longitude 

DUr.  of  Long. 

In  miles 


4*0  Si'  W. 
16   dft  W. 


24 

60 


40 


11  an 


Hence  by  Case  I.  Middle  Latitude  Sailing,  the  bearing  of  Funcbal  is  found 

lo  be  S.  79^  50'  E.  and  its  distance  1240  miles. 

Tofindtkt  btmit^  and  distance  of  Fimchal  hy  ^Hnr(ftnr*s  i'hnrl. 
Having  pricked  ofV th« ptace of  llie  fthip  ai  nnon,  lay  a  rii'ci  li'mu  t'l.it  )>  mu.i  to  i-uii.  hil;  i  il.  •  li^.. 
ne«r«l  itisinn'-c  liinivci'ii  tii*  cf'ntrc  i»f  ilio  (•oin|>;i<v  .iti«i  tin-  lult  r  :  ilirn  um*  fi)ol  of  ihc  cor>)(viw< 

along  the  ^-y^i/:  i.i  mler,  ko*  tlw  lulitr  i.mU  nt  llie  ;,'•r>•.>I<■^(  (lislaiire  li  im  ii,  .iinl  ll  will  be  fouit^t 
to  nin  ue.irly  u\i  >n  \Uc  E  by  S.  linf,  vvhicti  is  lliert'loit-  lli<-  I..-  ti  in;;  o|  I- H  irluil  :  Jhrn  like  in  voiir  com- 
IMssf*  tliv  rxleiu  fr.jm  thi?  pl.ire  of  (he  shin  Co  Fiiii.  ImI,  ami  .»i.[)l\  ii  u>  tl-.-  gradiWltNl  rm  ii.iian,  MUiii^ 
one  fool  as  modi  above  oneplaeeas  the  Mber  l»  below  Uit  other  place,  amt  tire  esteui  wiJI  bt  fdomi  tu 
"Ma«ura  S0|  d«pcei^OT  U30  .mll«%  whkk  wm  tb*  dhlaineor ibt fUp  INo  f  mehal  uvwij* 
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FROM  BOSTOxX  TO  MADEIRA.  £a 
Courses  Winds  L  VV  Remarks  on  lioard.  Sunday,  April  4,  liii  l. 


E*  E> 


S.  E. 


S>  S*  E 


S.by  E 


N.E. 


E.N.E 

East. 
E.byS. 


1 


First  part  frfsh  gales ;  latter  part  more  mo- 
derate, a  heavy  sea  running. 


1 


Mer.  alt.  sun's  lower  limb 
Correction  for  semi-diameter,  Stc. 

Sun's  correct  altitude 
Subtract  from 

Sun's  zenith  distnnce 
Sun's  declination 

Liatitude  obser\'e<l 


61°  d' 
0  \Z 

HI  ID 
90  OU 

5  :*0N. 


Varial  ion  I  \  points  Aveslerly. 


Course. 

Dist. 

Diff. 
Lat. 

Dep. 

Lat.  by 
D.  R. 

Lat.by 
Obs. 

Diff. 
Long. 

Long, 
in. 

Bearing  and  Dist 

S.  37045'E 

104 

S. 
8« 

E. 
64 

N. 

340  55' 

N. 

35' 

E. 
lO  18' 

W. 
40O  16' 

FunchalS.  84°  17 
E.  dist.  11 74  miles 

TRAVERSE  TABLE. 

Courses. 

Dist. 

N. 

s. 

E. 

W. 

1^.  S.  £.  ^  E. 

40 

13.5 

37.7 

9.  E.  4  E. 

20 

13.4 

14.8 

S .  S.  E.  ^  E. 

8 

7.2 

3.4 

S.byE. 

16 

15.7 

3.1 

S.  J  E. 

33 

S2.G 

4.8 

Diff. 

Lat. 

82.4 

83.8 

The  courses  being  correctetl 
for  lee- way  and  variation,  wjll 
stand  as  in  the  adjoined  traverse 
table. 

Then  with  the  difference  of  lat- 
itude 82,4  k  the  departure  63.«, 
I  find  the  course  S.  37°  45'  E. 

Yesterday's  latitude  36°  1 7'  N. 

Difference  of  latitude  1  22'  S. 


Yesterday's  latitude 
Latitude  in  by  obs. 


36^  17'  N. 
34    85  N. 


Sum  of  latitudes 
Middle  latitude 


Lat.  by  account       34  55  \. 

With  the  dep.  63.8  miles,  and  the 
mid.  lat.  35°  2g\  I  find  the  diff.  of  long- 


to  be  78mile8= 
Yesterday's  long. 


70  52 

35  26 

Longitude  in 
Tojind  the  btaring  and  dislanct  of  Fmcl.al, 
I^titud^  in  JMO  35'  j^.  Longitude  in 

Funchal's  latitude  32   38  N.  Funchal's  longitude 

Diff.  of  latitude     1    57  =  117  miles. 
Middle  latitude     33    36  • 


10  18'  E. 
41    34  W. 


40    16  W. 


400  16'  w. 

17  54  w: 


Diff.  of  longitude 


23  22 
60 


In  miles   1  i02 

ilence  by  Cape  I.  Middle  I^ititude  Sailing,  the  bearing  of  Funchal  is  found 
to  be  S.  840  17'  E.  and  its  distairce  11 74  miles. 

II 
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H. 

K. 

la.* 

jj.'. 

( 'oiirses* 

] 

8 

S*  £• 

2 

3 

S 

£ 

4 

ft 

5 

6 

Cairn. 

7 

8 

9 

10 

• 

11 

12 

1 

3 

4 

K.  S.  E. 

2 

3 

4 

3 

4 

6 

4 

4 

6 

5 

5 

6 

5 

5 

7 

6 

5 

8 

6 

0 

9 

7 

10 

11 

It 

8 

Winds. 


E.N.E 


N.N.E 


Li  W  Kumarks  on  buard,  Muuduy,  April  ^(^ljUt#. 

—  =.  i.-^^,  


First  part  of  these  £4  hours  smaji  breezes, 
and  rriltn  ;  latter  part  fresh  g;alps. 

At  I  p.  .M.  Kot  out  the  boat  and  tried  the 
current ;  luuiul  it  running  E.  1  mile  per 
hour,  «nd  suppose  die  ship  Hip  WttiB 
curreiittiiete  <4  hours. 


r 

Mer.  alt.  sunVlower  limb 

Correction  for  semi-^Btnou  lbc«/ 

0 

1£ 

Sun's  correct  altitude 

61 

51 

Subtract  from 

Sun's  zenith  distance 

£8 

9 

Sun's  declination 

.  6 

li 

Observed  latitude 

M 

«1 

N. 

Course. 


Dist. 


101 


Lat. 
11 


Dep. 


E. 
100 


Lat.  "by 
D.  R. 

N. 


Variation  1  \  p'»int  weStei^* 


Lat. by]  DilV.  I  Long. 


0!)s 


iLon;; 
E. 


II). 


'  N.  JV.  VE.  I  W."iFuuciialS84Oa!0'Ei 
.'UP  «4l840  £l1  fO  r  |S80  lg1jMM»tfiW<iei.| 


TRAVEHSL  TABLK. 


Courses. 

bist 

N. 

s. 

E. 

W. 

S.  £.  E. 

10 

6.7 

7.4 

E.  )  S. 

70 

10.S 

69.£ 

E*jN»E 

S4 

£9.3 

5.e 

17.0 

99.9 

Dep. 

5.8 

Diir.L»t  11.2 

In  addition  to  the  courses  sail* 
ed,  I  also  allow  £4  miles  for  the 

set  of  the  current  In  the  direction 
of  east  per  compass,  or  £.  N.  £. 
I  £.  true  course. 


With  the  dilTerence  of  latitude  11.2  With  the  middle  lat.  94^  £8',  and 
and  the  departure  98.0,  the  course  is  the  dep.  99.9,  I  find  the  diff.  of  long, 
found  to  be  S.  83°  36'  E.  and  the  dis-  to  he  121  m;ics=  £0   V  R. 


tance  nearly  101  miles. 
Yesterday's  latitude 
Difference  of  latitude 


340  35' 
0   11  S. 


Latitude  in  by  account       34   £4  N. 


Yesterday's  longitude 
Longitude  in 


40    16  W. 


Latitude  in  .S40  2rN. 

Fuuchal's  latitude  3£    3ii  N. 


To  find  thf  bearing  and  disinnct  of  Funehal 

lionf^itnde  in 
Funchal's  longitude 


rKflRerence  of  lat. 
Sum  of  latitudes 


1  4.'3= 108  miles. 
66  58 


S8   15  W. 


38^  i  r/W 
IG    j4  W 


Difference  of  long. 


In  miles 


£1  SI 

GO 

mi 


Middle  latitude     99   90  nearly. 

Hence  by  Case  I.  of  Middle  Latitude  Sailing,  the  bearing  of  Funcbal  is 
found  to  be  S.  84^  90"  R.  and  it«  «lii'tim<*'^  «0'*9  miles. 


FBOH  BOSTON  TO  MADEIRA. 


HIK 


1 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12j 
1 

S 
4 
5 
6 
7 
8 
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9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


9 

10^1  9 

u;  9 

121  9 


Courses. 


Ej<  S*  if 


North 


WindslL  W 


Remarks  oo  boArd,  Tueadajr^  April  6,  ISM. 


Fine  fresh  guk-ii  and  clear  weulJier. 


Mcr.  alt.  sun*s  lower  limb 
Correetion  for  dipt  be 

Sun's  corrrct  altitude 
Subtract  frutu 

Sun's  zenith  distance 
SuD*8  dedioation 

Observed  latitude 


620  85' 


0 

It 

63 

47 

90 

00 

a? 

13  N. 

6 

35  N. 

33 

48  N. 

Variation  per  Amp.  1  j  point  westorly. 


Course. 

Dbt; 

Ditf. 
Lat. 

at 

Dep.' 

Lat.  by 
D.  R. 

Lat.  by 
Obs. 

Difi*. 
Long. 

Long.  in. 

Bearing  and  Dist. 

£.|  S. 

216 

E. 
£14 

N. 
830  49' 

N. 
4«' 

£. 

40  la- 

w. 

FunchalS.  85^  lu 
E.  dist.  859  miles. 

The  cour'sp  corrected  for  variation  is  E.  \  S.  distance  216  miles  i  bence 
tbe  difference oi  latitude  18  31.7,  and  the  departure  miles. 

Yesterday's  latitude  34^  £l'N. 

Ditrereuce  of  latitude  Si  S. 

Latitudr  in  83    48  N. 

Sum  oflatitudesbyobs.  68  9 

Middle  latitude  34     4  * 

With  the  middle  latitude  34^  4',  and  the  departure  sil3.7  miles,  I  find  the 

ditference  of  longitude  to  be^58  miless  4^  18'  B. 

—  -    •    -  •        ^  38   15  W. 


Yesterday's  longitude 
Longitude  in 


38  &7W. 


I«atitadein 
Fnoehal'sUt. 


To  Jind  the  bearing  and  disiance  of  FunchaL 

330  48'  N.  liOngitude  in 

3i  88  N.  Fiinchal*s  long. 


aaP  67' w. 

16   94  W. 


Diff.  of  latitude 
Sum  of  latitudes 
Middle  latttude 


1    10=70  miles. 
66  26 
88  18 


Diff-  of  long. 
In  miles 


17  S  \S\ 
69    •  ^ 


Hence  the  bearing  of  Funchat  is  found  to  be  S.  859  IS'  B-  ^  it*  distance 
859  orikB. 


0 
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10 
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Winds.  LW. 


NNW. 


Course. 


S80«»<KE 


Dist 


£10 


North 


Kemarks  on  boardi  Wednesday,  Ap.  7.  I  s^4^ 


Fresh  gOes  and  pleanat  weather^ 
laife 


Lat 


S. 
35 


At  4  P.  M.  took  a  lunar  observation  by 
meaauring  the  distance  of  the  mooo  inoL 
tho  sun;  the  longitude  redaeed  to  hooh  by 
the  log,  was  28"^  59^  W. 


Dep 


E. 
M7 


Variation  per  azimuth  1  j  point  westerly 

L.at.bytLat.bT|  Diff.  L  •  (  ^ 
D.  R:   Obs  'Long.l^^^S-in. 


N. 
3S01S 


E. 
40  »' 


Bearing  and  Diat 


W.  Funchal88g095'E 
19049'  jdiatanCT  65t  miles. 


1                    TRAVKRSE  TABLE.  | 

Courses.  Dist. 

N. 

S. 

E. 

W. 

E.d  S. 
K.  by  S. 

60 
150 

5.9 
£9.3 

59.7 
147.1 

d5.£ 

206.8 

By  the  adjoined  traverse  table,  the 
difference  or  latitude  is  35.2,  and  the 
departure  206.8  ;  hence  the  coune 
was  S.  80^  20^  E.  and  the  distence 
209.8,  or  210  miles. 


Yesterday's  latitude 
Difference  of  latitude 

Ijatftude  in  by  account 
S»jm  of  latitudes 
iUiddlektitude 


880  48;n.  With  the 'middle  latitude  8S0  g*" 

S5'  9,  and  the  departure  206.9, 1  find  the  diC 

—  of  long.  248  miles,  or 

33   13'  N.  Yesterday's  longitude 

8S  90 


40  8'E. 
33    57  W. 


Itfoogitudein 


29  49  IT. 


To  find  Uie  hearing  and  distance  of  FmML 

fcSSfSj?  4U«A  ^^"^  Longitude  in  29^  49'  W. 

FunchaTa  latitude  32  38  N.  FunchaJ's  longitude       16   54  W. 


Diff.  of  latitudr  35  of  lODgltBda 

Sum  of  latitudes  65  51 

lifiddle  latitude  S2   55  '  \ 

TT       L  •  lo  miles  775 
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FROM  BOSTON  TO  MADEIRA. 

Remarks  on  board,  Thursday,  Ap.  8,  18i4. 


H 


1 
S 

S 
4 

5 
6 
7 
8 
9 

10 

n 

12 

1 

2 
3 
4 

6 
7 
8 
9 
10 
tl 
U 


Courses. 


Winds. 


E.byS^S 


S.  E. 


East. 


N.N.E 


E.N.E 


S'S'E 


■  W 


First  part  fresh  gales  and  clear, 
part  rainy  weather. 


.Latter 


A.t  6  A.  M.  the  Tvind  hauled  suddenly  to 
the  S.  S.  £. 


Course. 

Dist. 

Diff. 
Lat. 

Dep. 

Lat. by 
D.R. 

S83^45'E 

172 

s. 

19 

E. 
171 

N. 

SaO  54' 

yariation  1^  point  westerly. 


Lat.  by 
Obs. 


E. 

30  24' 


W. 

26°  2^}' 


Bearing  and  Dist. 


Funchal  S.  88O  5' 
E.  dist.  480  miles 


TRAVERSE  TABLE 

Courses. 

Dist. 

N. 

S. 

K. 

W. 

1  East. 
S.  E.  by  E. 
XE.byEiE 

50 
80 
60 

25.7 

44.4 

50.0 
66. ."j 
54.2 

25.7 

44.4 

25.7 

170.7 

Dtp. 

4- 

Diff.  Lat.  18.7 

The  leeway  and  variation  beinj; 
allowed  on  the  courses,  they  will 
stand  as  in  the  adjoined  traverse  ta- 
ble ;  then  with  the  difference  of  la- 
titude 18.7,  and  the  departure  170.7, 
the  course  is  found  to  be  S.  83^  4r/ 
E.  and  the  distance  17i2  miles. 


Yesterday's  latitude 
Difference  of  latitude 

Latitude  in 
Sum  of  latitudes 
Middle  latitude 


Sd^  13'  N.  With  the  middle  lat.  33^  3'  and  the 

19  S.  dep.  170.7,  I  find  the  diff.  of  long,  is 

  nearly  204  mile8=            3°  24'  E. 

82    54  N.  Yesterday's  longitude  29    49  W. 


66 
33 


7 
3 


Longitude  in 

Tojind  the  bearing  and  distance  of  Funchal. 
Latitude  in  32°  54'  N.    Longitude  in 

Funchal's  latitude  32   38  N.    Funchal's  longitude 


26    25  W. 

26°  25'  W. 
16    54  W. 


Diffl  of  latitude 
Suit  of  latitudes 
Middle  latitude 


16 

65  32 
S2  46 


Diff.  of  longitude 


In  miles 


9  31 
60 


571 


Ucnc»  the  bearing  of  Funclitl  is  fovnd  to  be  S.  66^  5'  E.  and  its  distance  4^  miles. 
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Winds. 


IL  W 


Bouth. 


^.  by  8. 


Heinarlui  ou  board,  Friday,  April  9,  18ft4 

■  » ■  

'  '  I  .  \ 

Ftoe  braeMfe»  with  ▼•ifaUe  Trmftwi  ' 


Mer.  alt  sun*ft  lower  limb 
Correctvm  fordip.  Ice 

Sun's  correct  altitude 
Subtract  t'ruin 

Sun's  Kcnith  distance 
Sun's  declination 

Obseired  latitude 


640  3d' 
0*  It 


64 

45 

90 

< 

00. 

£5 

15  N. 

7 

41  N. 

32 

56  N. 

Variation  li  point  westerly. 


Course. 

Dist. 

Uiff. 
Lat. 

Dep. 

Lat.  by 
D.  R. 

Lat.  by 
Obs. 

Diff. 
LonR. 

Long.  in. 

N890l£'E 

£10 

N. 
9 

E.  1  N. 
£09  m?.  bv 

N. 

diO  56' 

E. 
,40  10' 

vv.  1 

15'  1 

A. 


Beariiig  and  Dist. 


|Funchal,S.86^11'E. 
ance  270  jgUs*. 


TRAVKRSE  tABLE. 

Goiirscs. 

Dist. 

N. 

s. 

E. 

w. 

E.  i  S. 
DifT. 

liJO 
90 

Lat. 

8.8 

0.9 

119.9 
89.G 

Dep. 

8.8 
5.9 

2.9 

5.9 

209.0 

The  variation  being  allowed  on  the 
courses,  they  will  stand  as  in  the  adjoin- 
ed table  ;  then  with  the  difference  of  la> 
titude  *t.9,  and  the  departure  t09.9,  the 
course  is  found  to  be  N.  890  IS"  £•  and 
tile  distance  210  mUes  nearly. 


Yesterday's  latitude 
Difference  of  latitude 


320  54'  ff,       ^viti,  tjjp  middle  lat.  iV2'=>  and 
-a  N.    tiie  dep.  209.5,  tlie  diff.  of  long,  is 


found  250  milesss 


Latitudt  by  account       82  #7  N.    Yesterday's  longitude 


10' E. 


Latitude  in 
Fonchal's  latitude 


Longitude  in 

To  Jind  the  hmrins-  and  distance  of  Funehal. 

3iP  56' N.    Longitude  in 
32    38  N 


Funchal's  longitude 
Difference  of  longitude 


Difference  of  latitude  1 8 

Sum  (>r  latitudes  65  34 

Middle  latitude  32  47 

•■•  In  miles  — 

Beoes  the  betring  of  Fonchil  isfonod  to  be  S.  86°  U'  E.  and  iU  distance  379 


26 

25  W. 

22 

15  W. 

16 

54  w. 

5 

21 

60 

SSI 

1 


H 


K. 


FROM  BOSTON  TO  SCADEIRA.  S47 

p.  Courses. !  Wiiuls.  LW.iKrmai  k'^  nn  ho;  rij,  Saturday,  Apr.  W,  18t4.'[ 
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All  ttiis  day  fine  breezes,  with  very  clear 
weather* 


A(  10  A.  M.  made  the  land.  The  south- 
ern part  of  Madeira  bearing  per  compau 
E.  by  S.  1  S.  distant  i9  leagues 


Course. 
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Diff. 
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D.R. 
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1  £. 

111 
90 
$7 

'-17.0 

107.7 
90.0 
57,0 

27.0 

254.7 

Djierence  of  latitude 

Latitude  by  account 
Sum  of  latitudea 
Middle  lititade 


hb'  N. 
27  3. 


32  29  N. 
65  35 
SS  49 


In  the  traverse  (able  are  placed 
the  bearing  and  distance  of  the  land 
at  10  A.  M.  (after  allowing  the- vari- 
ation.) Hence  the  whole  difierence 
of  latitude  is  -27  miles,  tbc  depar- 
ture 5»04.7,  the  course  S.  8^JQ  57' 
and  the  distance  256  miles. 

With  tbe  niidillc  lat.  32-  42',  and  the 
dep.  254.7,  the  diU.  of  long,  is  found  tabe 
303  miles—  fio  s'  B. 

Tetterday *a  loqg.  t9  IS  W. 

17  If  W. 


Therefore  the  Intitude  of  the  southern  point  of  Madeira  by  my  account  is  32^  2V 
its  loDgituda  17^  12'  W.  these  values  diflcoing  but  little  from  the  values  given 
in  «•  table  of  latitude*  and  longitudes ;  I  therefore  conclude,  that  mj  journal  was 
n«^r  enet;  and  Out  latitude  and  loiqiitude  of  (hat  part  of  Madeira  hho  well  laid 
down 
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WiotU. 

L.  W  .  KhMAtiK.S  (III  iw)Mi<l,  biitxtA),  April  11,  IVii. 
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i:XPLA\ATION  OF  SEA  IKUMN. 

t^BJlCK.    The  situation  of  the  aaib,  wbcn  their  surfaces  are  pressed  uft  aguirut  OiV 

mast  bj  the  furcc  of  tlie  wind. 
^hafl  or  aft.    The  stcrnraost  port  of  the  ship;  Carry  afl  any  thing ;  that  is,  carry  to* 

wards  the  stem.    T/u  mast  rakuafi;  that  is,  hangs  towards  the  stern.    Umo  cheer  ye 

fore  and  afl  ?  that  ijt,  how  fares  oli  the  ship's  company 
t'ibafl  the  Bronx  denotes  the  relative  situation  of  any  object  with  the  ship,  when  the  ob* 

ject  is  placed  in  any  part  of  that  arch  of  the  horizon,  which  is  contained  between  a 

line  at  right  angles  with  the  keel,  and  that  point  of  the  compass  which  is  dirccf||  oppp* 

site  to  the  ship's  course.    Sec  Bearing. 
Aboard.    The  inside  of  a  ship.    Jiboard  Main  Tack  !  Tho  order  to  draw  the  lower  cOrnzt 

of  the  mainsail  down  to  the  chestrcc. 
*1lHmt.    The  situntion  of  a  ship  as  soon  as  she  has  tacked  or  rbangcd  her  course. 
About  ship  !  the  order  to  the  ship's  crew  to  prepare  lor  tacking. 

JIbreast.  The  situutiou  of  two  or  more  ships  lying  with  their  sides  parallel,  and  tlfeir 
heads  equally  advanced  ;  in  whUU  ca^je  Ihcy  arc  abreast  of  each  other. 

Adrift.  The  state  of  a  ship  broken  from  her  moorings,  and  driving  about  without  con* 
Irol.  '  " 

*yioat.    Buoyed  up  by  the  water  from  tlic  grr>und. 

^Jbre.  All  that  part  of  a  ship  which  lies  forward  or  near  the  slem.  It  also  silpiiTils 
further  forward. 

•^trr.  A  phrase  applied  to  any  object  in  the  hinder  part  of  the  ship,  as  the  aner''hA):^h- 
iraj,  the  after- sails, 

Aground.  The  situation  of  a  ship  when  her  bottom  or  any  part  of  it  rests  on  the  grr  uQtk 
A-head.    Any  thing  which  is  situated  on  that  point  of  the  compass  to  \vhich  a  ship's  stem 

is  directed,  is  said  to  be  ahead  of  her.    Sec  Bearing. 
A-hulL    The  situation  of  a  ship  when  all  her  sails  are  furled  and  her  helm  is  lashed  to 

the  lee  side  ;  by  which  she  lies  nearly  with  her  side  to  the  wind  and  sr.3,  her  head  Dt« 

ing  somewhat  inclined  to  the  direction  of  the  wind. 
Alee.    The  position  of  the  helm  when  it  is  put  down  to  the  lec  side. 
AUin  the  wind.    The  state  of  a  ship's  sails,  when  they  ure  parallel  to  the  direction  ptitib 

wind,  so  as  to  shake  or  shiver. 
mVi-hands-ahoy  !  The  call  by  which  all  the  ship's  company  are  summoned  upon  dccki 
Atofl.    Up  in  the  tops,  at  the  mast  heads,  or  any  where  about  the  higher  rigging. 
Ai^ng-side.    Side  by  side,  or  joined  to  a  sliip,  wharf,  kc. 

Along-shore.  Along  the  coast  ;  a  course  waich  is  insight  of  the  shore,  and  nearly  pti' 
rallcl  to  it. 

kiloq/*  is  distance.    Keep  aloof,  that  is,  keep  at  a  distance. 

Ammin.    The  old  term  fur  yi«.-ld,  used  by  a  man  of  war  to  an  enemy  ;  but  it  now  signj- 

fies  any  thing  done  suddenly,  or  at  once,  by  a  number  of  men. 
Amidaliips.    The  middle  of  a  ship,  eilhnr  with  regard  to  her  length  or  breadth. 
Anchor.    The  instrum«ut  by  which  a  ship  is  held.    The  anchor  is  foul ;  that  is,  the  calHi 

has  got  about  the  fluke  of  the  anchor.    The  anchor  is  a-peak;  that  i.s,  directly  under 

the  hawse-hole  of  the  ship.    The  anchor  is  a  cock  bill ;  that  is,  hangs  up  and  down  the 

ship's  side. 

An-tnd.    The  position  of  any  most,  hue.  when  erected  perpendicularly  on  the  d^'. 

The  top-masts  are  said  (o  be  an  end,  when  they  arc  hoisted  up  to  their  usual  station. 
A-peak.    Perpendicular  to  the  anchor  ■  the  cable  ha\ins;  been  drawn  so  tight  aa  tp  bring 

the  ship  directly  over  it.    The  anchor  is  then  .t.iid  to  be  a-peak. 
Atkort.    On  the  shore,  as  opposed  to  aboard.    It  also  means  aground. 
Astern.    Any  distance  behind  u  ship,  as  opposed  to  ahead.    See  Bearing. 
At  Anchor.    The  situation  of  a  ship  riding  by  her  anchor. 

Athwart.    Acro.^  the  line  of  a  ship's  course.    Jithtoarl  Hawse ;  the  situation  of  a  ship 
when  driven  by  accident  across  the  fore  part  of  another ;  whether  they  touch,  or  aro 
at  a  small  distance  from  each  other,  the  transverse  position  of  the  former  being  prinr 
cipally  imderstood.  Athwart  the  Fore  Fool ;  when  any  object  crosses  the  line  of  a  ship's 
course,  but  ohead  of  her,  it  is  said  to  be  athwart  the  Fore  Foot.    Athwart  ships  ; 
reaching,  or  in  a  direction,  across  the  ship  from  one  side  to  the  other. 
Atrip.    When  applied  to  the  anchor,  it  means  that  the  anchor  is  draAvn  out  of  the  groun<i, 
and  hangs  in  a  perpendicular  direction,  bj  the  cable  or  buoy  rope.    The  top-sails  are 
Mid  to  be  atrip,  when  they  are  hoisted  up  to  the  mast  head,  or  to  their  utmost  extent. 
A  term  used  for  stop,  or  stay  ;  as,  avast  heaving,  do  not  heave  any  more. 
Aweigh.    The  same  as        when  applied  to  the  anchor. 

A  aheltf  r  or  sccecn  of  canvass  spread  over  the  cIccVs  of  a  ship,  to  kedp  Off*  th<^ 
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the^rnt  ortho  sun.    Spread  the amni»g i  txioad  it  BO  Bs  to coiitt  \i»  &aek.  FmlUie 

ttioning ;  that  i^,  roll  it  up. 
Tbta&fc  the  JhBhor^  To  cany  out  a  ittall  anchor  abead  «f  the  large  oae,    OTihr  to 

port  it  in  bad  ground,  and  to  prevent  it  from  looHf  nin^  or  coming  home. 
To  back  asteni.    In  rowing,  is  to  impel  the  boat  with  her  stern  foremost,  by  means  of  thb 

oan.  * 
To  b<u:k  th»  idb.  To  anugp  Chen  itt  a  dtoatkm  that  wiB  oeeaatoa  tlw  ah^ 

astern.  ** 

To  bairpipe  ih»  when.   To  lay  It  diack,  bj  brinj^ng  the  ^he«t  to  fte  nizm  •hrmidf. 

To  balance.  To  contract  a  sail  into  a  narrower  compass,  hy  folding  up  a  part  at  one 
coraer.  BataofiiMc  is  peculiar  only  to  the  mizen  of  a  ship,  and  the  maioMil  of  those 
venels  tvherein  ft  fo  extended  hy  a  boom. 

Bd$,    BaU'  the  boat ;  tbat  U,  to  throw  the  water  out  of  her. 

BaUa^U  either  pigs  of  iron,  Ktonci  or  gravel,  which  last  is  called  sfainele  ballast  ,  and 
its  use  is  to  bring  the  uhip  down  to  her  bearings  in  the  water,  which  her  provisions 
and  stores  will  col  do.  Trim  the  biiOut  i  tkll  is,  mread  it  about  and  lay  it  even. 
The  BaU^t  shoots  ;  thatis,  it  shiAs,  or  runs  Ofor  firom  one  side  of  the  bold  to  the 
other. 

Bare  poles.   Whm  a  Mbip  has  no  saH  set,  she  Is  Under  bare  polea.  ^ 

Barge.    A  carval  btsilt  boat,  that  rows  with  ten  or  twelve  oars. 

Batten.    A  thin  piece  of  ivood.    Batten  down  the  hatcheis,  is  to  lay  battens  jupon 

taipaoliits,  which  are  orer  the  hatches  in  bifil  vieefher,  and  neli  6ieai  domi  Oet  Oiey 

may  not  be  wa.shed  off. 
Beacon.    A  post  or  stake  erected  over  a  shoal  or  sand  bank,  as  a  warning  to  seamen  to 

keep  at adistttsee.   AIhs  a  s^^al pfawed at  Hm  lop  oThflb, 
Bemns.    Strong  p<cces  of  timber  stn  tching  across  n  sbip^  side  toslde,  lOiVppoittte 
**  declc^  and  retain  the  sides  at  their  proper  distance. 
Beera-hend.   Make  bn.<ite,  despatch. 

'Bearins^  sii^iiifics  the  point  of  the  compass  whirh  nny  two  or  more  jilao^'^t  benr  from  each 
other,  or  bow  any  place  bears  from  the  ship  bv  the  compass  ;  or  it  may  be  said  to 
bder  en  tte  beaai,  abaft  the  beam,  en  tte  bow,  the  head  or  stem,  Ace. 

jfeleerlngtof  a  ship,  is  that  line  which  is  formed  by  the  water  upon  her  sides  when  she  is 
at  anchor,  with  her  proportion  of  baila.*it  and  stores  on  board.    To  bear  to,  is  to  sail 
into  an  harbour,  &c.    Hear  round  up  ;  tbat  is,  put  her  right  before  the  wind.  Bring  * 
your  gims  to  bear,  is  to  point  them  to  the  object. 
To  bear  in  with  the  land,  is  when  a  ahip  ^ails  towards  the  shore. 

To  Bear        Tu  thru&t  or  keep  ol\  (Vuiu  l!u  chip's  side,  i<c.  any  we^t  when  hotstiug. 

BemfingupOT  Bearing  tncenj.  The  art  of  chtnpng  the  course  ofa  ship,  in  order  to  BMice 
hrr  mil  before  the  wind,  after  she  had  sailed  sometime  with  a  side  wind,  or  close 
hauled  ;  it  is  generally  performed  to  afrive  at  some  port  under  the  lee,  or  to  aToid 
some  imminent  danger  occasioned  by  a  Titdent  storm,  leak,  orenemy  inn^ht 

Staling  to  Wiii'hvnrd.  The  innKiiig  a  progrc.s;^  ajrainst  the  direction  of  ttemjaij'ly 
steering  altemately  close  hauled  on  the  starboard  and  larboard  tacks. 

7b  fteeefm.  To  intercept  tiie  current  oTthe  wind;  la  its  mesife  t»  a  ship,  by  any  con- 
tiguous object,  as  a  shore  aboTC  her  ssils,  ahif^  sea  hmid,  kiei  «oA  ttaa  eaa  sil  ie 
said  to  becalm  another. 

Btfore  iht  Beam,  denotes  an  arch  of  the  horizon  comprehended  between  the  line  of  the 
beam  (which  is  at  right  angles  to  the  keel)  andttatpoiat  bfthewwpese  od  wMrlUho 
ship  stem''.    Sof  Rc.iring. 

Belau.    To  make  (dst  anv  running  rope,  as  Belay  the  main  brace,  or  make  it  fast 

Bend,  To  apply  to  and  fasten  ;  as,  bend  the  saiN.  apply  them  to  the  yards  and  fasten 
them  :  onbend  the  sails,  that  U,  ca«t  them  ofT,  and  take  them  from  the  yards  ;  her 
sails  arc  unbent,  she  has  none  fixed  :  bend  the  cable,  make  it  fhst  to  the  anchor. 

jBenesped.   See  Neaped. 

Betwern  Decks.    The  ?pace  contatiieil  between  any  two  decks  ofa  ship. 
HigiU  of  a  rope.   The  double  part  of  a  rope  whka  it  is  lolded.   Bight,  a  nirrow  inist 
of  the  sea. 

UUge.    To  breat.    The  sliip  is  bilged  ;  that  is,  her  pl.mks  arc  broken  in  by  violence. 
BilgC'  Water,  is  thai  which,  by  reason  of  the  flatness  of  a  ship's  bottom,  Un  on  her  floor, 

and  cannot  go  to  the  well  of  the  pump. 
r.innacte.    A  kind  of  box'to  contain  the  compasses  in  upon  deek. 

Birth.  \  place  ;  as  the  xhip\  hirth,  the  place  where  she  is  moored  ;  an  ojftcer^t  birth, 
his  place  in  the  ship  tu  eat  or  sleep  in  ;  birth  the  ship's  eomftony,  that  is,  allot  them  their 

'  ptaecstomeaiki;  Mrfft  the  kmnrntOn,  point  out  where  eadi  nnift  haameckii  ta 
hang. 

Bute,  Tery  large  pieces  of  timber  in  the  fore  part  of  ft  ship,  round  whicli  the  cables  are 
.fastened  whei^  the  ship  is  at  anchor.   Afler>Bftts,  a  sB^aller1dnd  of  hlttanpe»  tta 

quarter-deck,  for  belaying  the  nmninp^  ""'^ging  to. 
To  Bitt  the  Cable,  is  to  confine  the  Cable  to  the  tntts,  by  one  turn  under  t^o  crpesfeieeei. 
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and  tnother  turn  round  tte  bitt-liwwi.  ift  th«  ponlioorUiMy  be  either  kept  fbufi,  ^ 
it  may  be  veered  away. 
^kter.   The  turn  of  the  cable  round  the  bUts.    BiUer  end  ;  that  pnrt  of  dwcaUftWiidl 

stays  within  board,  round  alx>ut  the  bitts,  when  the  ahip  is  at  anchor. 
JBlock.    A  piece  of  wood  with  running  sheaves  or  wheels  in  it,  throi^fh  which  the  rttOr 

ning  rigging  is  pasMd  to  add  to  the  purchase. 
Beard.    To  board  a  ship  is  to  enter  it  in  ft  ho<itile  mnnacr. 

Board.    To  make  a  board  is  making  a  streU  b  upon  any  tack  when  a  ibip  is  working 

upona^wfad.  Tikom^U%ii^f^i»,i^tamt»^i9^^ 

hnnvH,  that  i",  when  shelo'cs  j:n'ound  innorKing  upon  a  wind. 
BoaiswaiH.  Tb&officer  who  has  charge  oT  all  the  cordage,  riuing,  anchors,  &c. 
BM$han.   A  st«ef  eoaal,  |>cmimiug  ttKefcw  u^fnum  of  iiMp|iif  « 
B<dt  rope.    The  rope  which  Roca  round  a  sail,  and  to  which  the  canvass  i«  sewed.  The 

side  rope*  are  calledisocA  r^pet,  that  at  the  top  the  head  npe,  and  that  at  the  bottom 


Bonnrf  of  a  sail,  is  an  addidonnl  piece  of  canvnss  ptit  lo  the  sail  in  moderate  weather  tp 
hold  more  wind.  LaM«nM«  6eitti«(,  that  ia,  fasten  it  to  the  saU.  8halu  ^  th€  Innm^, 
ttin  it 

Boot  topping.    Cleaning  the  upper  part  of  a  ship's  Imttoin,  or  thnt  part  which  lies  imme- 
dlateiy  under  the  surface  of  the  water,  and  daubiag  it  over  with  tallow,  or  with  aut|^ 
ture  of  tallow,  sulphur,  rosin,  &e. 
JMft  «*Mlt  4k   ne  situatio*  of  ft  Aip  sailing  rigiit  before  the  wind. 
Bote  grwe.    A  frame  of  old  rope  or  junk,  laid  out  at  the  bowa,  atema,  and  aide  of  ahip^ 

to  prevenithem  from  being  injured  by  flakes  of  ice. 
Jhw  kmet.    Lanea  made  fast  to  ^  aides  of  the  saila  to  laml  tkmn  forward  wlmftopOB  ft 

n-ind,  which  bein«j  hauled  tant,  enables  the  ship  to  come  nearer  to  the  wind. 
7  0  bcw$e.    To  pull  upon  any  body  with  a  tackle  in  order  to  remove  it. 
MmprtL   A  lirfa  mast  orpieee  of  timber  whieh  stands  out  from  the  bows  of  a  ship. 
Moxhmdintr.   A  particular  ftMtlrad  of  iweriftf  ft  ahip»  whtn  Ite  wmtAk  ftf  the  atft  faodfli^ 

•  toeking  impracticable. 
JBlRriiif .   An  opefatkm  MMHiat  aimilarlo  Boiliftftling.   It  ia  peiformeOhy  laying  the 
head  ?aiU  aback,  to  receive  the  '<j;reatcsl  force  of  the  wind  in  a  line  p«T)cnduMilar  tp 
their  surfaces,  in  order  to  turu  the  chip's  head  into  the  line  of  her  cqyrsc,  aacr  she  had 


raeet.  TOe 


JRracn.    We  ropes  by  which  the  yards  are  tunied  about  f  o  form  the  sails  to  the  wind. 
T9  frrace  the  yards.  To  move  the  jwda,  bj^meana  of  the  iiracea,  to  any  direction  required. 
IkkvmtAiat  tobraeethe  yarda wwd farlhe OftPtiftgy  imOL    Tthrmt  $kmrp—io 


 the  yards  to  a  po«itk>nin  which  thev  will  make  the  smallest  possible  angle  with 

the  keel,  for  the  ship  to  have  head-way.    To  Braca  to—to  ease  off  the  leebraccs, 
and  round  in  the  weather  braces,  to  assist  the  motion  of  Aft         bead  »  teddng. 
MraiU.    A  name  peculiar  only  to  certain  rope*  belonging  tO  tfaft  mizcn,  nacd  tO  truss  it 
•  up  to  the  mast.    But  it  is  likewise  applied  to  a!l  the  rop«»  which  aift  cpiployed  in 
hauUng  up  the  bottoms,  lower  comcni  and  skirta  of  the  other  gitftt  aaila.  3» 
'  ~         "  loTthftlHtnite,  fiirthe  ■MMftfOftdyfliKllngit  when 


neeessarr. 

To  break  bulk.    The  act  of  beginning  to  unload  a  ship.   

3!^  knak  thatr.    When  a  ah^i  at  anchor  u  forced,  by  tlic  wind  or  cun«Bt|  flram  that 
pMition  in  which  she  keeps  her  anchor  most  free  of  herself  and  most  firm  fin  UMgVOaadk 
iOfti  to  endanger  the  tripping  of  bcr  anchor,  she  is  said  to  break  Ucr  sheer. 
Mrumhe.  Bftnteoffthoffitb  Awiftdrip*abott«ft. 

-      -      A 1111? tiftMlif MOi uwiilftii ■  My mikjmjt  to  ■  whirf  -r — t  »**-r 


Tttring  by  thtlH, — Sceto5rMKAto. 

To  bring  to.  To  check  the  course  of  a  ship  when  she  is  advancing,  by  arranging  the  sails 
in  such  a  manner  that  they  shall  counteract  each  other,  and  pcercnt  her  from  either 
retreating  or  advancing.    See  toUtlo, 

Jhhroaeh  to.    To  incline  suddenly  to iMirardftf  the  ship's  course,  ao  as  to  present  her 

side  to  the  wind,  aiul  endanger  her  ovcrMstting.   The  ihflerence  between  *roac4tiij|  !• 

and  bringing  by  the  lee  may  be  tlius  delincd  :  Suppooe  a  ship  under  great  aafl  la  aleetiftf 

aoutb,  bavinf  thowM  ht  N.  N.  W.  theft  WtA  is  the  weather-side,  and  east  the  1eo> 

5idc.    If.  by  any  accident,  her  head  turns  round  to  the  westward,  so  that  her  sails  are 

oil  taken  a-back  on  the  weather  aide,  she  is  aaifl  to  broach  to.    If,  on  the  OOfttiftjTf 
hand  daeiinMaofcreMlMxdfta  to  lay  her  sailiabttek  on  thai  aide  which  waa  the  Iftft 

side,  it  i--  called  hrini^ng  b\f  the  lee.  . 
Btattdtide,  A  diachaq;e  of  all  the  guoa  on  one  side  of  a  ship  both  above  and  below. 


En  thf  board.    Over  the  ship's  side. 
3^  the  head.    The  stnte  of  a  abip  whoB  aha  ia  ao  ttnwpmUy  loaded  as  lo  draw  more  wa* 
frr  forward  than  nft. 
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JBy  the  tomd.   The  course  of  a  ■fain  as  oe«r  at  posuUe  to  Uie  direction  of  the  wiad,  whiji 

18  generally  witbinsix  pointa  of  it 
Bimt4ines.   Ropes  Tostencd  to  the  fiMt  iPOpe  of  aqpM  mOB  Itt  dlftw  IkMl  ip  tti 

middle  of  the  yards  for  furiing. 
9mf,  A  llMting  conical  eask,  Moored  «pra  ahoah  to  ahow  whaie  Oa  danger  is  i 

also  used  at  anchors  to  show  where  they  lie,  in  rase  the  cable  breaU. 
Cap.    A  strong  thick  block  of  wood,  haTing  two  large  hotea  lhfHi|^  il,  the  MA  ifiMBP^ 

the  other  ro^d  ;  used  to  confine  the  two  masts  together. 
Capsize.  Overtdia— tiw  boat  ia  oaiMizad,  tbat  la,  ovoaet  Capaiae  tha ^ooaoCia)^-; 

that  is,  turn  it  over. 

Capstan.  An  instrument  by  which  the  anchor  is  weighed  out  of  tite  gnrand,  used  also 
for  setting  up  the  diroada,  and  other  woric  wbera  a  great  pw^aaa  ia  raqoirad* 

To  Careen.  To  incHnr  a  fship  on  one  ndc  so  lo\v  down,  by  sliifting  the  car^o  or  alQiOp 
on.onc  side,  that  her  bottom  on  the  other  aide  may  be  deaosod  by  brcamioj|. 

To  tarry  aicay.  To  break^--ea  a  "hip  has  carried  away  Iwr bowsprit,  that  is,  neilirabro 
It  off, 

CflStinfi;.   The  motion  of  failing  off,  so  as  to  bring  the  direction  of  the  wind  on  cither  5icfe 

of  the  ship  after  it  bad  blown  sonittime  right  a-head.    It  is  particularly  applied  to  & 

ship  about  to  weigh  anchor. 
CM'Htad.i.    The  timbers  on  ship's  bows  with  sbeowoi  ifn  thtm,  If  wUcb  tho  aftdiet  ia 

hoisted  aAcr  it  has  been  hove  up  by  the  cable. 
9Vcif  Ifte  aiidbar  la  to  book  the  eol4loek  lotte  ring  of  the  aiMher»  end  liaal  It  «^ 

fo  the  cnt-tiftad. 

CaP»  paw  is  a  light  air  of  wind  perceived  tt  a  distance  in  a  calm,  swee|iiiig  the  amAeetf 

the  sea  very  lightly,  and  dying  away  bdbre  it  reaches  the  ship. 
CnuHdng  is  filling  the  seams  of  a  ship  with  oakum. 

J^trc  This  word  is  tippltcd  to  that  squadron  of  a  flrrt,  in  a  line  of  battlr,  which  ftr- 
cupies  the  middle  of  a  line  ;  and  to  that  column  (in  the  order  of  sailing)  which  is  tie* 
tveen  the  weather  and  lee  eehoMia. 

Chains.  A  place  built  on  the  sides  of  the  ship  projecting  out,  and  at  which  the  shroudj* 
are  Aitena^  for  the  purpose  of  giving  them  greater  ai^  than  tbej  could  bofo  if 
Ihiteaed  to^  ahlp*e  aide,  and  oTeoone  giving  them  a  gwiter  power  to  aacon  the 
mast.  ^ 

Chain  plates^  are  platen  of  iron  fastened  to  the  ship's  aides  under  the  ehaiu^ad  tothesc 
plates  the  dead  eyes  arc  fastened.  m 

ChttpeUing.  The  act  of  turning  a  ddf  fOnd  in  a  light  baocze  of  wind  wImo  Ae  b  elosfe 
hauled,  so  that  she  will  lie  thr  nnme  way  she  did  before.    Thia  la  oaod^  oeeaaiaMMl 

by  negligence  in  steering-,  or  by  a  sudden  change  of  wind. 
Choffe   A  vessel  pursued  by  some  other.    Ckmm  the  foseal  poraaing. 

Chrrrty.    A  phrase  implying  heartily,  quickly,  clicorftilly. 

To  daw  The  act  of  tumiqg  to  windward  from  a  lee  above,  toeaai|e«hipwreckf  kit* 
Ckmr  la  Tariously  applied  :>-The  weather  la  aald  to  heelMtr  irhen  it.ia  Mr  and  open,  tho 
sca-coast  is  clear  u  licn  the  navigation  is  not  interrupted  by  rocks,  kc.  It  u  applied  to 
cordage,  cables,  &c.  when  they  arc  disentangled,  so  as  to  be  ready  for  immediate  aer^ 
vice.  In  all  thsse  senses  it  is  opposed  to  Jbul.  To  dear  the  anchor  is  to  get  the  cable 
(dTthe  flokea,  and  to  disencumber  it  of  ropes,  ready  for  dropping.  Gear  hmcse — Whca 
the  cables  arc  dircctd  to  their  ancljors  without  lying  athwart  the  stem.  To  clear  the 
hawse  is  to  untwist  the  cables  wiicn  they  are  entangled  by  heaving  either  a  erase,  an 
dhow  er  a  ronnd  turn. 
Clmched.    Made  fast,  as  the  cable  is  to  the  ring  of  the  anchor. 

Qfiss  kauUd.  That  trim  of  the  ship's  saib,  when  she  endeavours  to  make  a  progreas  in 
the  neafeatdireetlon  poadUe  totmdi  that  point  of  the  corapasa  frina  whkli  the  wind 

blows. 

Todubhmd.  Amethodof  tacking  nihip  when  it  iie^oeledahowiB  oiiia  eteja  o»  a 

lee  shore. 

ClHi4bM8,  are  ropea  which  coaw  down  fton  the  BMik  to  Hw  lemr  eonMie  oTlho  adK 

and  by  which  the  corners  or  r]ws  of  the  sails  arc  hauled  up. 
C'^  of  a  saiL   The  lower  comers  of  «}uare  sails,  but  the  aftemoat  only  of  staj  aail^  the 

oflier  lower  comer  being  caOed  tho  iMdt 
To  clue  np.    To  haul  ui)  the  clues  of  a  sail  to  its  yard  by  mcan^  of  the  clue  Unea* 
OoastiM,   The  act  of  making  a  progress  along  the  sca-coa^i  of  nny  countiy. 
7heo0  ne  etMe.   To  lay  it  round  in  a  ring,  one  turn  over  another. 
To  eonu  home.    The  anchor  la  aid  to  come  home  when  it  loosens  from  the  ground  by  the 

effort  of  the  cable,  and  appcoiebea  the  phee  when  the  ahip  floated,  ot  the  leogjA  of 

her  moorings. 

Cambig  to,  denotea  the  approeeh  of  nahlp»a  hendio  flie  dhection  ofihe  wind. 

Coune.    The  point  of  the  compav^  upon  which  the  ship  sails.    Cmr.*es,  a  ship%|MMV 
•■fls ;  ms  the  fore^  ia  the  fof^Hsourae ;  tha  main-rail  the  naia-couriej  &c. 
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misea. 

^kmwdn.    The  penon  who  steers  the  boat 

Cnmk.  The  ship  is  crank,  that.  i.«  «hc  has  not  a  •'ufTtricnt  cargo  or  ballast  toreadtrkor 
capable  of  bcaiiii|;  sail,  without  being  en»osed  to  the  danfer  of  ovenetUn^ 

trmo-fint,  iaaniafieroriMnMnes  spread  from  the  few  pMti  tf  liw  toy,  by  hmw  <f 
the  piece  of  wood  thro\igh  which  Ibcy  pass,  and  being  hauled  taut  upon  the  stays,  they 
prevent  the  foot  of  the  topiaib  catching  under  the  lop  raa  j  tbej  ve  abo  used  to  fus- 
pwd  ttftwuiuga. 

Cm.   To  direct.   To  cun  a  !4hip  is  to  direct  the  man  at  helm  how  to  steer. 

Te  cut  eaidrun.  To  cut  the  cable  and  make  ?ai!  instantly,  without  watting  to  we^  anchor. 

Dnil,   AlongbeuDi  oftimt»er,  used  as  a  crane,  whereby  to  hoist  the  flukes  of  the  an- 

dborto  the  top  of  the  bow,  without  iiyuring  the  pianla  of  the  abqt'f  sides  as  it  aeeenda. 

There  is  always  a  tent  oTa  MMllMr  hM  fi«td  to  tte  iMt^mit  to  ndgb  tte  tMlMr 

by  the  buoj-rooe. 
To  Hnim  aeAy*  mm,  To  inpade  her  progreM  tfrnofth  Ike  water. 
Dead  eiji^.    Blocks  of  wood  through  w  hicli  the  laniard^  of  thr  slirouds  arc  i-ccvrd. 
J)ead  lighu,   A  Idiid  of  window  shutter  for  the  windows  in  the  stem  of  a  ship,  used  iu  . 
^vorbadiraaflNraalf. 

Deodioater.  Thced^y  aTwidar,  wUehappeanlflK  whMpodb^cM«toivia 
■torn  as  she  sails  on. 

Dtwd  wind.    The  wind  right  against  the  ship,  or  blowing  from  the  ^ery  point  to  which 

she  wants  to  go. 
TH.nmasttd.    The  state  of  a  ship  that  has  lost  her  mast«. 

Dog'Wuu.  A  small  vane  with  Ceathers  and  cork,  and  placed  on  tlM  sh^'s  quarter,  im 
tha  MB  sle»i  aod  hdn  to  aae  the  aoviaa  af  wind  by. 

T>ofr.\Batch.    The  watches  from  four  to  ^ix  and  from  six  to  eight  in  the  creninj;. 
DvMmg,   The  act  of  sailing  round  or  pawing  bcjood  a  cape  or  point  of  land. — D«niblin( 
«pa»— Thaaetof  ineioaing  any  part  of  a  hoslira  ieat  batwanstwo  ina,  or  of  caawm- 

tmo%  it  on  both  sides. 
Douce.    To  strike  or  haul  down  ;  as,  douee  the  top-gallant  sails,  that  is,  lower  theak 
Dwm  had.    The  rope  hy  which  any  ^^ail  is  hauled  down,  as  the  jibb  down-haul. 
To  dowse.    To  lovar  auddenly  or  slnrkm. 

Todra^  tke  anehor.    To  trail  it  '.\\on^  the  bottom  after  it  is  loosened  from  the  ground. 
To  draw.    When  a  sail  is  inflated  by  the  wind,  so  as  to  advance  the  vessel  in  b»r  coonc, 

lhasailUsakltodbw;  and  eoto  fcwy  ag  dl>a»toi|  is  to  tatato  al  tha  tafla. 
Ihr^    The  angle  which  the  line  of  1  ?*lni>*H  motion  makes  with  the  nearest  meridian,  a 

whan  sha  drimoa  w'ah  her  side  to  the  wind  and  waves,  and  not  governed  by  the  power 
'  ofthahaka.  it  also  impttea  the  distaiKse  wUeh  the  ship  d«h«a  on  Ih^  Vns. 
thWT.    A  large  sail  set  upon  the  mizeu  yards  in       wilidi.  Oiiva«— 'Tito  ship  drives, 

that  is,  her  anchor  comes  through  the  ground. 
Awp.    Used  sometime?!  to  denote  the  depth  of  a  sail  ;  aothe  fore-top-sail  drops  twrive 

yards. 

To  drop  anchor.   Used  sfoidaiOBily  with  la  andbar.  To  drap  astom.  Tha  ratfoyda 

aaotioo  of  a  ship. 

Jtowiigi.  Aaiaitflyafloooawood,lw.iaidattha  bolloai  ofadriptohMpthaga^ 

Ihom  being  damaged. 
Jhriwg's.   Small  ropes  used  to  fasten  the  upper  comers  of  sails  to  the  yards. 
3b  aaai^  toaasr  atvoy,  or  fa  ease       To  siasen  gradually  ;  flnis  Ihey  say,  «we  tfiebow* 

line,  ease  the  sheet. 

£me  Ike  skip.  The  command  g;iven  by  the  pilot  to  the  steersman,  to  put  tiie  helm  hard- 
a-l(^,  when  the  ship  is  e^iH  cted  to  plunge  her  fore  part  deep  in  the  water  when  close 
hauled. 

^  To  fdge  avmj.  To  decline  gradually  from  the  sfaofaorflrom  tha  line  of  tile  oowaawhidb 
the  ship  formerly  held  in  or  dcr  to  go  more  lanre. 
2b  s^fit  M  wllk  To  advance  graduaUy  towards  Oashoia,  or  aajodMrolOect. 
JBibow  in  the  Hawsr.  Is  when  a  ship,  bein;^  moored,  has  gone  round  upon  the  shifting:  of 
lha  tides  twice  the  wrong  way,  so  as  to  lay  the  c;«blcs  one  over  the  other  :  having  gone 
ooaa  wrong,  she  makes  &  cross  in  the  hawse,  and  going  three  times  wrong,  sha  BMloes 
a  round  turn. 

^ndj'or  end.  A  term  used  when  a  rope  runs  aU  out  of  a  block,  an  I  is  unreevcd  ,  or  in 
coming  to  an  anchor,  if -the  stcqppers  are  not  well  put  on  and  the  cable  runs  all  out,  it  4s 
said  to  have  gone  out  and  for  and. 

£ind  m.  When  a  ship  advances  to  a  shore,  rock,  Sw.  without  an  apparent  poasibittty  of 
preventing  her,  she  is  said  to  go  end  on  for  the  shore,  &c. 

Enga^emmM,  AaH6uorflght 

Fm*^.    The  flag  worn  at  the  stem  of  :i  ship. 

'fntorinf  pert.  A  latge  port  in  the  side  of  three  dockers  leading  into  the  middle  deck,  t*) 
Mve  the  tronble  of  going  up  the  ship's  siidc  to  sret  on  board. 


Digitized  by  Google 


JSpm  kid,   \Mico  the  keel  is  parallel  witu  ilic  Uomon,  a  ship  is  said  to  be  upon  au  tkt» 

Fair.   A  »rnera!  term  for  the  disposition  of  the  wind,  when  favourable  to  a  ship*!  cortWHU 
Fakr-wmf-    The  channel  of  a  narrow  bay,  river,  or  hareo,  in  which  ships  usually  advuMV 
ia  tii^  passage  up  mad  ipwm, 

Paek^  or  Fake.    One  circle  of  iny  rop(  or  cable  quoiled. 

F^e$ui,  i'he  end  of  any  rope  whiei^  is  become  unttfisled  by  Treqpimit  use  ;  to  pcewoC 
vlMch  the  ends  oT  ropaa  we  wouod  nmod  with  pfeeea  of  twine,  wtAA  operation  fo 
ctfled  whipping. 

T«  fM  a-board  of.    To  strike  or  encounter  another  ship  when  one  or  both  are  in  motion. 

TtJUl  astern — The  motion  of  a  ship  with  her  stern  foremost    To  fall  cofcn.    To  be^ 

ooaolBOaCaloornat^atotalceswittonofthoiM.    TkJUtmtm,  ToMfl.orte 

towed  down  a  river  nearer  towards  its  mouth. 
FaUing  qff  denotes  the  motion  of  the  ship's  head  from  the  direction  of  the  wind.  It  if 

OMcftn  oppositkm  to  cotmn^to. 
FaUnotoff.urMMmgig:  TiMoaaanBi  or  tko  aleenDHOi  lotaq^thfiiUpMif  flo 

wind. 

J^UboM.  A  iMMora  of  rfx  foot* 

Toftuh  away.   To  be  shaken  or  agitated  from  one  aide  to  mmSm  ao  to  to  loooalanf 

Dung  which  before  was  fiied. 
Fid.    A  squart;  bar  of  wodll  or  iron,  with  shoulders  at  one  end,  used  to  support  tte 

weight  of  the  topmast,  when  erected  at  the  iMid  of  O  lowav-aMMt. 
Fid  for  splicing.    A  large  piece  of  wood  of  ocooieBl  figoie ;  Uied  to  oMeiid  the  itnndi 

and  layers  of  cables  in  &pticiitg. 
IV  JUL  To  bnm  tke  Mila  ao  aa  to  reeeive  llM  wind  io  tlwn,  ood  oinHMO  tiio  ship  in 

her  course,  after  they  had  been  eitber  shivcriti«:  or  braced  a-back. 
Fiah,   A  larae  piece  of  wood.   FuU  the  maet apply  a  luge  piece  of  wood  to  at  to 

etrengtiwnlt 

Fish-hook.    A  lar^c  hook  by  which  the  anchor  is  received  and  brou^tto  Ae  COlUtaeid; 

*  and  the  tackle  which  is  used  for  this  purpose  is  called  the  fisb-lackle. 

TfJUk  the  muktr.   To  draw  up  the  flukes  of  the  anchor  towards  the  top  of  the  bow> 

m  order  to  atoir  it,  after  hemg  been  ettted. 
Ftae;.    A  gpneral  name  for  colours  worn  and  used  by  isbips  of  war. 
Fiai  ajl.    The  situation  of  the  sails  when  their  suriuccs  are  pressed  aft  against  the  jnaaC 

by  the  force  of  tlM  wind. 
To  flat  in.    To  draw  in  the  aftermost  lower  corner,  orcloe,  of  a  sail  towards  the  middle 

of  the  ship,  to  give  the  sail  a  greater  power  to  turn  the  Toaid.  To  fiai  mjetvsmrd.  To 

draw  in  the  fore  aheet,  jifab^lieet,  and  fore-staysail  aheet,  towtidi  Ae  Middbef  (he  ^ 
JRktc.    A  sudden  breeze  or  ^^t  of  niixl. 

FlMUng,   The  state  of  being  buoyed  up  by  the  water  firooi  tftegrooBd. 
jPloed-tfie.   The  state  of  a  tide  when  it  flows  or  ritea. 

JlweiMg  ekede,   Thepoeitionof  the  sheets  of  tlwpriMipel  sails  when  they  are  k>o«eoed 

from  liie  wind  ho  as  toreceivf  it  into  their  cavitic?  more  nearly  perpendicular  than  when 

close-hauled,  but  more  obliquely  than  \vhcn  the  i>hip  &aiU  before  the  wind.    A  ah^ 

goiiq^^  two  or  three  points  lat^c  has  Jloxoing  sheete. 
Fore.    That  part  of  -.i  ship^s  frame  and  machincr)'  that  lies  near  the  rtHb    Fart  «mU|^ 

Throughout  the  whole  ship's  len^h.    Lengthways  of  the  ship. 
JEhrtMree^  To  aheet  aphead,  or  go  past  another  ff  el. 

T0  force  OT^.    To  force  a  ship  violently  orer  E  alMMi4qr  ft  gnat  qpilBlity  of «!. 

Forward.    Towards  the  fore  part  of  a  ship. 

Foul.  Is  used  in  oppowtion  both  to  clear  and  'fair.  Aa  oppoaed  to  clear  we  say,  foul 
weather,  foul  bottiHi,  M  ground,  iSMil  aachoiv  M  hftwae.  Ae  ippwed  (0  «o 

say  foul  wind.  .  ^ 
Co  Founder.    To  sink  at  sea  by  filling  with  water. 

Tk  fiu,  Pumping  ie  aeid  to  Aee  the  Alp  when  it  dieeliait^  nMfO  water  tinnleela 

into  her. 

To  freshen.  When  a  gale  increases  it  iasaid  to  ireshen.  Tofrtslun  Ike  Hmou.  V  eer- 
ing oat  or  heaving  in  ftlittle  eiMe  to  let  nnotber  pert  of  ft  eodom  the  htnm  «C  the 
hawscholcs.   It  ia  ileo  applied  to  tlM  act  of  lenewiag  the  aaniee  nuod  the  caUe 

at  the  Iiaw^rbnles.  ^ 
Freshen  tht  bailoil.    Divide  or  bcparale  it. 

Fresh  mstt^.    When  a  shif>  increases  her  velocity,  she  is  8aid  to  got  fresh  way. 
Full.     The  ^iitiia'ion  of  the  sails,  when  Ibr y  ire  kr  pt  distended  by  the  wind. 
Ftdl  and  bff,    ihe  situation  of  a  ship,  with  regard  to  the  wind,  when  close  haulei^  and 
aaiUi^,  ao  aa  to  steer  neftbor  too  nigh  the  dkectidii.  nor  todeviate  to  leaeraed. 

To  furl.    To  %vr;>|>  r .  to  rnl!  n  '<nil  ( !       up  tO  the  yard  Or  abqf  tO  wUdl  |tbclaBg8|  «Bd 

winding  a  cord  around  it,  to  keep  it  fast.  , 
<!at(e    ihe  ship.   Her  depth  of  water,  or  wbat  water  abe  drawp. 
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3VfM»l*»«IM.  To  arrif  on  ^  wiHwr  Mb,  or  to  windwiriof  loae  Aip  or  leet 

in  sight,  when  both  .irr  ?nilin;;  as  near  the  wind  as  possible. 
GmmoHikt  bhosprit.    decure  it  by  turos  of  a  atroog  rope  passed  round  it,  and  iato 

Ike  estHwvler,  to  preient  it  firom  haviiig  too  niiKh  nwtioii. 
Gangway.   That  pvt  oT  a        atfo  both  ifitUa  Olid  iiilhoat,  bj  flUd  pofM^ 

and  depart. 

Gorfroard  streak.    The  first  range  or  «bmk  of  phnk*  laid  in  a  ship^s  bottom  next  the  keeL 
Guket.   The  rope  which  is  passed  round  tfio  Mil  to  Mod  itto  the  jard  when  it  ia  Ihried*  • 
To  s^nther.    A  ship  is  said  to  gather  on  another  as  she  comes  nearer  to  her. 
OmbUting.  -  The  action  of  turning  the  anchor  round  by  the  stock,  so  that  the  notion  of 
ttOfltoek  appeue  aimflar  to  thai  of  the  handle  of  a  gimhl^  when  eapl^yad  to  ttnii 
the  wire.  *  ' 

Girl.    The  ship  b  girt  with  her  cables  when  she  is  too  ti^t  moored. 
To  give  dhne  #».   To  pnrsoe  a  iMp  or  fleet. 

Coost-uiingi  of  a  saU.    The  clues  or  lower  cornea  oC  a  •hip's  mahliai!  Of  fmPMaBi  whM 

the  middle  partis  furled  or  tied  up  to  the  yard. 
Crapplmg'irvn.    A  thing  in  thp  nature  of  an  anchor,  with  four  or  six  flukes  to  it. 
Grmee.    To  bum  off  the  filth  from  a  ship's  bottom. 

Gripe  of  a  skip.    That  thin  part  of  her  which  is  under  (he  counter;  and  to  whiehthtf 

atern post  joins.    The  ship  gripesi  that  is,  turns  her  head  too  much  to  the  wind. 
OnuHdmg.  The  laying  the  ship  Mhoie,  m  order  to  rapair  her.   It  ie  alao  appM  to 

tanning  aground  accidentally. 
thnwtd  iaeUe.    £venr  thing  belonging  to  a  ship^s  anchors,  and  which  are  noceeavy  tiKC 

•ndtoring  or  taoornK ;  eai^  aa  caflee,  hnreers,  tow-Unes,  waipa,  buoy-ropea,  Ibh 
Ortmnd  tier.   That  is,  tte  tier  of  water  casks  whkh  is  lowoat  in  thehoU,  and  is  aaMMg' 

the  shingle  ballast. 

Cfnwtng.  Stretching  out ;  applied  to  the  direction  of  the  cable  from  the  ship  towards 
the  anchors :  as,  the  cable  grows  on  the  starboard  bq^. 

Crtmvmff.  A  piece  of  rope  bid  into  a  rircnltir  form,  and  Uied'for  lai^S  hoat's  MD  in- 
stead of  rowlocks,  and  also  for  many  other  purposes. 

OmmtL   The  upper  edge  of  a  ship's  side. 

Gtm-room.   A  division  of  the  lower  deck  abaft,  eacloaed  with  networic,  te  the  use  of 

the  gunner  and  liis  stores. 
Gybing.  The  aeC  of  aliifting  any  boom-eail  ftom  one  ode  of  the  nasi  to  flie  other. 

Ihil.    To  call  to  another  ship. 

Hdiards.   The  ropes  bj  which  tho  nils  are  hoisted,  as  the  Uq^sail  haliards,  or  jlbb 

haliards,  &c. 
Handing.    The  same  as  furling. 
Hard  a-weather.  Put  the  tiller  oBite  q»  to  windward. 
Haul.  PuU. 

T»kmdtk»iBM,  To  diieet  the  ship's  cQOise  nearer  to  the  pofait  from  whiA  the  irhid 
blows. 

UmoafkoUi,  The  hole*  in  the  bows  of  the  ship  through  which  tho  cables  pass. — Fresk- 
m  hmmaOf  feerootnere  cdde.    dap  e  servfae  ki  the  kmoae ;  put  somewhat  round  the 

(■able  at  the  hawse-boln  to  prc  \< nt  its  cbafinj;.    ,To  clear  hattar,  is  to  untwist  the 
cables  where  a  jbip  is  moored,  and  has  got  a  foul  hawse.  .ifAwarl  kawH,  ia  to  ho  < 
aeross  or  before  another  ship's  head. 
Hawser.    A  sra^l  kind  of  cable. 

Mead fast,  A  rope  employed  to  confine  the  head  of  a  ship  to  a  wharf  or  to  "omc  other 
ship.  Heailmost.  The  situation  of  any  ship  or  ships  which  are  the  most  advanced  in 
n  fleet   Heaim/b,   All  the  sails  which beloog.to  the  foreoMst  and  bowsprit. 

Head-sea.  When  the  waves  meet  th<-  hrnd  of  a  ship  in  her  cour-^r,  thry  are  called  a 
bawli'^ea.   It  as  likewise  applied  to  a  single  wave  coming  in  that  direction. 

Jftwf  iS'ielarf.  Theidtoation  of  a  diip  when  her  heaiHs  Cnmed  to  the  point  fr(vn  which 
tke  wind  blows,  as  it  must  when  tacking. 

Ttead-way.    The  motion  of  advancing,  used  in  opposition  to  stem-way. 

To  Heave.  To  turn  about  a  capstan,  or  other  utachinc  the  like  kind,  by  mcaufl  of 
hMB.  handspikes  &c.  To  Hseae  •Juai,  to  advaaee  the  ship  bf  heavinr4n  the  cable 
r>r  other  rope  fastened  to  an  anchor  at  ^ome  befim  her.   To  JllBaec  mpedt, 

to  heave-in  the  cable,  till  the  anchor  is  a-feek. 

To  iJenss  e  Sims  to  more  a  ship  backwaras  by  an  operation  similar  to  that  of  hear- 
Iqg;  a-head.    I'o  Heace  down,  to  careen.     To  Heave  in  the  cable,  to  draw  the  ca-  • 
hie  into  the  ship,  by  turning  the  caostan-    To  Heave  in  stops,  to  toing  a  ship's  head 
to  the  wind,  by  a  management  of  die  sails  and  rudder,  in  order  to  get  en  the  other 
lack.   To  Hease  oul,  to  imfurl  or  loose  a  saU  ;  more  particularly  applied  to  the  stay-  » 
sails  ;  thus  we  say,  loose  the  topsails  and  heave  out  the  staysails.     To  Heart  s/ior!^ 
to  draw  so  much  of  the  cable  into  the  ship,  as  that  she  will  be  almost  perpendicularly  * 
over  her  anefaor.    To  Heave  tij^ht  or  taut^  to  turn  the  capstan  round  till  the  ropt  or  . 
MMe  heeontoe  straig^ned.  To  Usees  tkt  ajffhtn,  to  turn  it  iwad.  Tofimetlhs 
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tfaJ^io  throw  the  I'^n^l  ()vcr!)oarJ,  in  order  to  find  the  flcpth  of  water.    To  Htavf  fltr, 

Uk,  to  tlirow  the  ioA  overboard,  in  order  to  caicuUtc  the  'velocity  of  the  ah^*«  wajr . 

fft«gtf*e«Miiieii,tSrtiSt  tarn  it  round  with  the  bars.  JImAMldy,  bMve  gM»» 

tly  or  leisufdlf .    Hta»t  hearty,  heave  strong  and  quick. 
Heave  qf  the  sea^  is  the  power  th  it  tho  surl!  of  the  sea  has  upon  ft  ship  in  driving  htt 

oat,  or  faster  on,  in  her  course,  and  lur  which  uiluwoncc  b  luadc  in  the  daj'it  woric 
Heel,  or  inelkM,   SIm  heels  to  port,  that  ia,  iacliiiea  or  teja  down  upon  iMrlubQeid  or 

left  sidft. 

Jklm.  The  instrument  bv  which  the  ahip  is  steered,  and  includes  botli  the  wheel  and 
the  tiller,  as  one  general  term.  A!elsi*«e4fe,  that  Is,  the  tiBnr  is  qnitedoirBloleeifaid 

Hi^h  and  drff.  The  iHoationof  asiypwhemofarnuiatHwuid  aatoboieeiidtyifo* 
the  strand. 

fBhk.  Tonaheihst  * 

Hmst.    To  haul,  swaj,  or  lift  up. 

BiU,  i»  the  space  between  th^  lower  deek  and  the  bottom  of  the  sivp,  wfaMe  her  alera^ 

ftc.  tic. 

To  sloto  the  hold,  is  to  place  the  thin<;s  in  it. 

To  hold  its  otrn.  is  applied  to  thr  relative  situntion  of  two  ships  u?ipn  neither  ndvanrrii 
upon  the  other  ;  each  is  then  said  to  hold  its  own.  It  is  likewise  said  of  a  ship  which, 
}if  means  of  eontrary  winds,  cannot  make  a  progreae  towards  her  desttned  port,  bofr 
which,  however,  keeps  nearly  the  distance  she  had  already  run. 

Home,  implies  the  proper  situation  of  any  object  ;  as,  to  hmd  home  the  topsail  sheet;*, 
is  to  extend  the  bottom  of  the  topsail  to  the  lower  yard,  by  means  of  the  sbecU. 
In  stowfaig  m  hold,  a  eodt,  lu.  laaaM  la  ftsms.'wheft  It  Use  dooe  lo  aone  ote 
object. 

Tltdk.  A  /ibip  without  masts  or  rigging  ;  also  a  vessel  to  remore  masts  into  or  out  of 
ships  by  means  of  sheers,  (hmi  idience  they  are  called  sAear  tolh. 

Horse.  A  rope  reaching;  from  the  middle  ofa  yard  to  its  arms  or  eltlOmiCi08y  llorftei 
men  to  stand  on  when  they  are  loosing,  reeQng,  or  furling  a  saiL 

But  of  the  ship,  the  bodyofit  To  ley  a  huU,  is  to  lay  to  wtQi  only  asaslff  adi  in  •  gale 
of  wind.    To  hidl  a  vessel,  is  to  fire  a  shot  into  any  part  of  her  hutl. 

HtfU  dmon,  is  when  a  ship  is  so  far  off  that  you  can  only  see  her  masts.  Tohdtaship— 
to  fire  cannon  balls  into  her  hull  within  the  point-blank  range.  Hull  (o— ^  sitiia* 
tion  of  a»hq»  when  she  lies  with  ill  her  aafla  foiled :  aaiii  fvyfag.' 

In  stays.    Sec  to  heave  in  stays. 

Jamming.  The  act  of  enclosing  any  olgect  between  two  bodies  so  as  to  render  it  uu- 
moTMhle. 

Jeer  Uoeks.   The  blocks  throii2;h  whicli  jeers  arc  recTcd. 

Je«h»    The  ropes  by  which  tbe  lower  yards  are  susnended. 

/iM.  The  fbremoet  sail  of  niUp^aetiMmnbooM  whkhivMOirti^^ 

Jlbb-boom.  A  spar  that  fUBa  ontopoB  the  hoHiprit 

Jothj'boat.   A  nmnW  boat. 
JicnA-.    Old  cable,  or  old  rope. 

Jury-mast.   A  temporary  or  occasional  amt  onetod  IB  0  ih^  io  <h0  pIlM  «f  QUO  Wlldb 

has  been  carried  away  by  accident,  ^cr. 
Kedge.   A  small  anchor  with  an  iron  stock. 

Jted:   The  principal  piece  of  thiher  In  a  ship,  whkh  iauanaily  trsClaid  on  fheHa^itf 

building. 

Kei'-hauL   To  dra^  a  person  backwards  and  forwards  under  a  ship's  keel  for  ecitahl 
oflenee^. 

KeeUed.   Any  part  of  a  cable,  cover.*  J  over  with  old  ropes^  to  prarent  Ita  aurfeee  floM 

rubbing  aj^ainslthe  ship's  bow  or  fore-foot. 
Titkeem  avoay.    To  alter  the  ship's  course  to  one  rather  more  large,  for  a  little  tanc«  to 

ftToidloraeAip,  daMer,fce.  Jfeep  mvay  b  likewise  said  to  the  steersuiaii  who  is  apt 

to  go  to  windward  ofthe  sbip^s  course.  To  krrp  fxdl — To  keep  the  sails  distended  by  the 

wind.    To  Keep  hold  of  the  Usnd — to  steer  near  to  or  in  sight  of  the  land.    To  Keqt^ 
(o  safl  oflTor  keep  at  a  distance  ftomflift  ahoM.    To  JTentteland  B^onrd  ftr  mm» 

^io  keep  hold  ofikt  land.  To  Afef Ia|0L-io  coBOma  doao  lo  Ihe  wlpd.  Ihtajp 

iAe  tcim^the  same  as  to  krep  the  luff, 
KeUan.    A  piece  of  timber  forming  the  interior  of  the  keel ;  heiBf  M  On  the  middle 

of  the  floor  thBborshBmeditfdy  oforthe  keel,  aBdaerriB|rto«nlla  AafefOMrttlha 

latter. 

KeiUledge.  Pigs  of  iron  for  ballast,  laid  upon  the  floor,  near  the  kelson,  fore  and  aft* 
Ktatt.  A  sort  of  twist  or  torn  in  a  cable  or  rone. 

Knippers.    A  lar^r  kin<1  of  plated  rope,  wUtt  hoiagtiriitod  fDBBd  thaariMMBgBT  tad 

cable  in  weighing,  bind  them  together. 
Knot,    A  division  of  the  log-Une,  answering  in  the  eakmktka  ttf  Hm  MfH  T«lNitf  ,  t» 

Oiii-  mile. 

To  Labowr.    lo  roll  Or  pitch  heavily  iA  a  tuiinilent 
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lAiih  n  in  Bulk,    Fr(  i^htcd  with  a  cargo  not  pack^<l,  V»nt  1\  inE;^oo59,  as  com,  salt,  Ic^* 
Laid  wa.  The  situaUoa  of  a  sUip  wheu  uoored  in  a  borbuur,  for  want  of  employ. 
LmijmL  The  lint  Itnd  discovered  titer  m  sea  voytge.  Thtie  a  good  UmdfUl  in^fidf 

the  land  expected  or  desired  ;  n  h,i^!  !  nd  fall  the  revtm-. 
J^nd-loclit  J.  The  situation  of  a  »bip  surrounded  with  land,  to  as  to  exclude  tiie  ftotpSci 

of  the  sea,  unless  over  some  intervening  land. 
Imiards  of  the  shnudt,  amtfaemallropeaattbeeiideofthciii,  bynUdi  Ihef  arehflrte 

taut  or  ti^ht. 

Larboard.    The  IcA  side  of  a  ship,  looldlig  towards  the  head.    Lcaiawd  Teek — the  situ- 
ation of  a  ahip  wheo  eaillBg  with  the  wind  btowingiq^B  her  fauhoard  aide. 

/.fliA.  ToMnif. 

iMunch-ho,  si|;nifies  h%h  enoi^,  or  lower. 

Laying  the  land.  A  «5p  whlra  Increajea  hetdirtanea  from  the  coaat,  tttofltttfeit 

appear  lower  and  amuler,  in  <^ai(l  to  lay  the  land, 
Leadu^'Wind.    A  fair  wind  fbr  a  ship's  course. 

Letk,    A  cbi^k  or  breach  iu  the  sidc^  or  bottom  of  a  ship,  through  which  Uic  ^\;itcr 
tare  into  the  hull. 

Lf^.  That  pari  of  the  hemisphere  to  which  the  w  'mi]  is  dircrtrd,  to  distin'^isb  it  frmn 
the  other  part  which  is  called  to  windward.  Ltc  Uage — a  ship  or  fleet  to  leeward  of 
ano^ier  b  said  to  have  the  lee-<^Hgc.  Lee-LKreAes— the  suddm  and  violeiitrolli  which  ' 
a  ship  often  takes  to  leeward,  in  :i  hit;;b  sea,  par(lru!;iilv  «1icii  a  lan<e  wave  strikes  her 
on  the  weather-side.  Lee-Quorter— thai  quarter  ot  a  ahip  which  is  on  the  lee  side. 
/^ei-Slerv— tiiat  «h<nre  upon  wUeh  the  wind  hlowa.  £M-iMt!*-tfaat  half  of  a  aUp 
lengthwise,  which  ties  between  a  line  drawn  through  the  middle  of  her  length  and  the 
5idc  which  U  farthest  from  tlip  point  of  wind.  To  Leeiran! — towards  that  part  of  tlic 
iiorizon  to  which  the  wind  bluw!i.  Lteu>ard-Sldp—&  ship  that  fulU  much  to  lee- 
wakdofhoreowaetivfaeoaaittDgelose  hanled.  LeeMartf  lIMs— atidathataelatol^ 
ward. 

Jac^  Way.    The  lateral  movement  of  a  ship  to  It^eward  of  her  course  j  or  tlie  angle  wJuHb 

the  linear  her  way  makes  with  a  line  In  tiie  direction  other  heel. 
To  Lie  alon^.    To  ho  presided  down  sideways  by  a  we%ht  of  sail  fai  aftvdi  wind. 
Leeeku,  TJie  borders  or  edges  of  a  sail. 

X»  U»  to.  To  tetard  a  ship  in  her  coarse,  by  arranging;  the  sails  in  such  a  manner  as 
to  eoQnteract  each  Other  with  neaiiy  an  equal  effort,  and  render  the  Mif  afaneet  ttn- 

moveable  with  respect  to  hi  r  pro;Tr*'5>-ivr  motion  or  head  way. 
Lifts.    I  be  ropes  which  come  to  the  ends  of  the  jardtt  from  the  mast*heads|  and  by  whiclL 

they  arc  suf>pended  when  lowered  down. 
Limbers,  or  iJmbtr-fiohs.    Squnrc holes  cut  through  the  Io%verpart  of  a  sliip's  Hoor  tihi"« 

bera,  vejy  near  the  keel ;  forming  a  channel  for  water,  and  communicating  with  tift  * 

pump-vrell  throughout  the  whole  length  of  the  Hoor. 
List.    IijcUnc.    Thf  ship  has  a  list  to  port,  that  is,  she  heels  to  the  larboard. 
Log,  and  Lof  (ttie,  .by  which  the  ship's  path  is  meanired,  and  her  rale  of  going  ai6fii^ 

tained. 

Lo^-board,  on  which  ii  BMihed  the  transaetions  of  the  ship,  and  fton  thenee  itia  eopUl 

into  the  log-book  ercry  24  hours. 
•9  Long  Sta.    A  uniform  motion  of  long  waves. 

Xooi  out.  A  wateUU  atteafimi  to  smne  important  ol^eet  or  event  diat  is  expected  fh 
arise.  Thm  {ter^on-*  on  hoard  of  a  ship  ale  oecasionaUy  stationed  tolsok  sirt  tor  an- 
nals, other  ships,  for  land, 

To  Loom.  To ttnfliri*t»r  cast  looee  any  sail. 

To  LomoT*  To  ease  down  gndaally. 

l^fff.  The  order  to  the  steersman  to  put  the  helm  towards  the  lee  side  of  the  fhipSh 
order  to  sail  nearer  to  the  wind. 

To  mak  f  a  boord,  To  run  a  certain  distance  upon  one  tack,  in  beating  to  windward.  To 
imLfy  r  ffril  i^atrr — tb  nitid  !\  the  water,  bv  running  in  shallow  places,  so  that  the  sKl^fs 
keel  disturbs  the  mud  at  the  bottom.  To  make  tail — to  increase  the  quantity  of  sail 
■Ireedy  set,  either  by  nmeeing  or  by  setting  others  Tbaiafts  eCsm  wof  to  retreat 
or  move  with  the  stem  tbranost.  To  nidks  tte laid— 'To  discover  it  flrooi  oAr.  T* 
make  toater — to  leak. 

Tetnen  Me  j^rf,  fcc.   To  place  men  on  U>e  jrard,  in  the  tops,  down  the  ladder,  AOef  to 

execute  any  necessary  duties. 
.Mast.    The  uprip;!it  timber  or  trees  on  whidk  the  ytivds  and  sails  are  set. 
J^asted.    Having  all  her  masts  complete. 
Mend  the  omiee.  Put  on  more  serviee. 

Messenger.    A  small  kind  of  rablr.  which  beinj?  broi!?;ht  to  thecsfrtas,  and  the  tlhle^y  * 

ivhich  the  ship  rides  made  fast  to  it,  it  purchases  the  anchor. 
Tt  middle  mnpe.  .To  doable  U  into  two  equal  parts. 
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To  miss  slaifs.  A  ship  is  said  to  miss  slays  when  her  head  will  not  flj  up  into  the  dinfr^ 
tioB  of  tMirind,  in  order  to  get  her  on  the  other  tack. 

.Vizen  masf.  Tlir  ina-^t  which  stand-t  abaft,  and  from  which  its  ng2;ing  and  sails  ar6 
named  ;  as  of  the  sails,  mizen,  iiuzen-iop<«ail|  &e.  %pA  so  also  are  the  other  eadai 
fte.  iwraedflroiB  the  odber  mtits. 

3f<oof,  is  to  secure  a  ship  with  two  anchors.  Mooring — securing  a  ship  in  a  particular 
station  by  chains  or  cables,  which  arc  either  fastened  to  an  adjacent  shore  or  to  an« 
chors  at  the  bottom.  JVooring  service — when  a  ship  is  moored,  and  rides  at  ou^ 
eable*a  length,  the'mooring  sernee  b  that  whkh  ia  nt  the  first  spliot. 

Mouse.   A  kind  of  ball  or  kiiob,  wfoqght  upoo  the  coUar  of  the  ateys. 

Mttster,    To  assembk.  • 

AbrrMM.  A  mall  passage  between  two  landa. 

JWopr  Ttde$,  The  tides  in  the  fimt  and  last  quarter  of  the  moon,  and  arc  not  either 
50  high,  ao  km,  or  ao  rapid  as  spring  tides.  A  ship  ia  aai4  to  be  btne^ed  when  she 
baa  not  water  enough  to  ta)w  her  off  the  groand,  or  over  the  har,  &e. 

^etoTf  or  nonear.    An  order  to  the  steersman  not  to  keep  the  i^hip  »o  close  to  tta  wind. 

Uppers.  Certain  pieces  of  cordege  uted  to  fasten  the  mesacnger  lo  the  caMe  ia 
heaving  up  the  anchor. 

Mbthing  A  termuaedlijttMBMaattheeaBtodMateenBniii  dhrecliBgUai  BotM 
go  from  the  wind. 

buoy.    The  kind  of  buoys  used  by  ship*  of  war. 

Oeihwi.  Old  rope  UBtwiatedl  and  puOed  open. 

Off  and  on.  When  a  ship  is  beating;  to  windward,  so  that  by  one  board  she  approaches 
towards  the  ahore,  and  by  the  other  stands  out  to  aea,  ahe  ia  aaid  to  ataad  ^  end  m 
shore. 

<20lng.    To  seaward  from  the  land.    .1  ship  is  in  the  ojffmg,  that  is,  she  iato  aeawaid,  al 

a  distance  from  the  land.    She  stands  for  the  offing,  that  is,  towards  the  sea. 
C(ffward.    From  the  shore,  as  when  a  ship  lies  aground  and  kana  towards  the  aea,  ahe 
ia  said  to  heel  o^ortf. 

Oft  hoard.    Within  the  ship,  as,  he  is  come  on  boari!. 

On  the  beam.  Any  distance  from  the  ship  on  a  line  with  the  beams,  or  at  ri^t  an|^ 
with  the  keel.   See  Beming. 

Or  lie  bwf.  An  arch  of  the  horizon,  comprehending  about  four  points  of  the  compass 
on  each  side  of  that  point  to  whicli  th(  ship'n  head  is  directed.  Thus,  they  say,  the 
ship  ill  sight  bears  three  points  on  the  starboard  bow ;  that  is,  three  points  towards 

.  Hhe  fi|^  hand,  fireoi  that  part  of  the  horison  which  u  right  a-head.    See  Bearing'. 

On  the  qunrtrr.  An  arrh  of  the  horizon,  romprehcnding  about  four  points  of  the  com- 
pass on  each  side  of  that  point  to  which  the  ship's  stem  is  directed.   See  On  the  bow* 

Open*  Hm  sitiiation  of  a  plaee  etposed  to  ^  wind  and  aea.  It  iaabo  eqnaMMl  of 
any  distant  object  to  which  the  sight  or  passage  is  not  intrrrrptcd. 

Cfpen  Hawse.  When  the  cables  of  a  ship  at  her  moorings  lead  straigjht to  their  taapect- 
ive  aaehors,  without  croesing,  she  is  said  to  ride  with  an  open  hawse. 

(hrlop.   The  deck  on  which  the  eablcs  are  stowed. 

Over-hoard.   Out  of  the  ship ;  as,  he  fen  over-board,  iieaniqg  he  feU  out  ofi  «r  fnuk 

.  the  ship. 

(k^ergrmm  8m,  Is  espresaed  of  the  ocean  when  the  mfgM  and  Ulloiwa  rbe  eAliawely 

high. 

Overhaul.  .To  clear  away  and  disentangle  any  rope  j  also  to  come  up  with  the  chaae ; 

as  let  eeerilaiil  Aer,  that  is,  we  gain  ground  of  her. 
Qper-Rake.    When  a  ship  at  anchor  i.s  exposed  to  a  head-eea,  the  waves  of  iriddl  hMlk 

in  upon  her,  the  waves  are  said  to  over- rake  her. 
Over-set.    A  ship  is  over-set  when  her  keel  turns  upwards. 

(kd  of-irinu   The  atato  of  Uie  ship  when  she  b  not  praperiy  haUmeed  for  tiha  ptyoaai 

of  navigation. 

Parcel  a  rope.  Is  to  put  a  quantity  of  old  canross  upon  it  before  the  servieaia  pat  OIU 
.   FereeleseeHt  is  to  lay  a  narrow  piece  ofcanvassoverit  after  it  beanltod,hwbwH 

it  is  payed. 

ParUametU  hed.  The  situation  of  a  ship  when  she  is  made  to  stoop  n  littk  to  one  side, 
80  ae  to  etean  the  upper  part  of  her  bottom  on  the  other  side.    See  Bool-loppb\g. 

Partmg.    Being  driven  from  the  anchors,  by  the  breaking  of  the  cahb. 

pawl.  A  short  tiar  of  wood  or  iron  fixed  close  to  the  capstan  or  windlass  of  a  ship,  lo 
prevent  those  engines  (rom  roiling  back,  or  giving  way,  when  they  are  charged  with 
any  great  eflbrt. 

To  Pawl  the  capstan.  To  fix  the  pawli  io  aa  to  pveteat  the  .capita^  ftona  fMfl^^ 

during  any  pause  of  heaving. 
To  pay.  Todanhoreovertheanrfheeof  any  body  with  pitch,  tar,  fte.  in  Older  la 
%      vent  It  from  thoii^uiiea  of  the  weather. 

To  pay  atoay  orpatf  out.  To  slackeB  a  caUo  OT  Other  Vope,  so  aa  to  -iat  it  run  out  f«i 

aeme  particular  purpose. 
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ftay  nff'   To  move  a  iUp**  head  to  iMwtid. 

To  ptek  tht  miztn.    To  put  up  the  mizen  yard  perpendU  ulur  by  the  ma&t. 

ftck.    To  hde  a  sUy  peck,  b  when  the  caUe  and  the  t'ore^tajr  form  a  line.     To  ride 
•  fitri  fcelk,  b  when  tbeeiMe  ii  so  OHMli  te    to  dastray  tlM  Ite 
peck.   To      with  th(  yards  a  peck,  h  to  lun*  thcm  ti^peil  contrttj 
W  to  rq^reaent  St.  Andrew's  cross. 

JPiliiMl.  TIm  long  narrow  flag  worn  at  the  anst-head  by  all  ship*  of  ttemvy.  Bnee 
Pmtdmntt  are  thoee  ropM  which  secure  the  brace-blocks  to  the  yard  arms,  and  are  in 
genera]  double,  in  ease  of  one  beias  skot  awaj,  Uw  other  mj  aectire  tlM  jarda  in  itft 
proper  position* 

mmiPmimt.   A Uod of  fcs temiiMtiBg in •  point  iiMd  to diitiiigiiidi  «te 

a  squadron. 

^UehiUig.  The  movement  of  a  ship,  bj  which  she  plunges  her  head  and  after  part  al- 
ternalolv  into  tlie  hollow  of  the  lea. 

Point-blank*    The  direction  of  a  gun  when  levelled  horizuntally. 

Points.    A  number  of  plated  ropes  made  fast  to  the  sails  for  Uie  purpose  of  roefiof . 

Poep.    The  biglit»t  and  aftermost  deck  of  a  ship. 

P^i^.   The  sbuck  uf  a  high  and  h«^avj  sea  npon  die  alera  or  quarter  of  n  aU^ 

when  she  scuds  bcforo  t!ie  wind  iu  a  tenipc-^t. 
Port.    A  name  given  ou  some  occasions  to  the  larboard  side  uf  the  ship  j  a«,  the  sllip 
baolelo  port,  top  the  yawla  toport,  fce.  ■  olao,  a  hatfaour  or  baton. 

Pi^ris.    The  holns  in  the  ship's  sid..  s  from  whu  h  Ihi  i^uii--  arc  fired. 
Port  Uu  lulm !    Fho  order  to  put  the  helm  over  tu  the  larboard  aido* 
JWi-faaf.   The  gunnel 

fmm  9i  Saii.    All  the  sail  that  a  ship- can  set  or  carry. 

Preventer.    An  additional  rope  employed  at  times  to  support  nny  other,  when  the  latQur 

sudcrs  an  unu.tuui  strain,  particularly  when  blowing  fresh,  or  in  a  gale  of  wind. 
•  PtMhig  and  Dolphin.   A  laffo  and  leaaor  pad  OMda  of  ropoa,  and  put  round  the  nMurt 

under  the  lower  yards. 
Pwrchase.    Any  sort  of  mechanical  power  employed  in  raising  or  moring  heavy  bodies. 
Qaeritri.  llierespectivoataClonaOT  the  oflem  and  jpeoplefaitinie  of.  action.  Qnir- 

tering,  distributing  the  men  into  different  plaooa.    ^fmUr-hia,  tba  iiat  of  the  aUp*^ 

company,  with  their  stations  for  action  noticed. 
^MartffwipM,  ia  when  the  wind  blows  in  from  that  pait  of  the  horizon  situated  on  tl|^ 

^javteraf  dM  aitfp.    See  On  the  quarter. 
^notf,  ia  a  rope  or  cable  laid  up  round,  one  fake  over  another. 

To  Raise.    To  elevate  any  distant  object  at  sea  by  approaching  it  j  tllus,  to  raiu  the 

W  is  used  in  oppoaition  to  iqr  tt«  M"dL 
To  Rake.   To  cannonade  nahip  at  tka  alan  or  bead,  ao  that  llM  baUaaeoar  the  wboia 

length  of  the  declu.  * 

Haajr <  0/ OaUa.   A  aoAeiettt  length  of  eaUe  draws  open  deelt  before  fba  ancbor  to  catt 

loose,  to  admit  of  its  sinking  to  the  bottom  without  any  check. 
BeUlituM.   The  small  ropes  fastened  to  the  shrouda,  by  which  '  be  men  go  aloft. 
Jtaae*.  Tie  dialanfo  between  any  two  pointa  an  the  banks  of  a  river,  wherein  (he 

current  dowain  an  uniatemiptt-d  roursc. 
Jteady  nhmtl !    A  command  of  the  boatswain  to  the  crew,  and  iirpl^tt  that  all  the  bandfe 

arc  to  be  attentive  and  at  their  stations  fur  tucking. 
JKsor.   The  last  dividon  of  a  squadron,  or  the  last  squadron  of  a  Heet  It  to  afplied 

likewise  to  the  last  ship  of  a  line,  squadron,  or  division. 
Merf.   Part  of  a  sail  from  one  row  of  eyelet-holea  to  anotlicr.    It  is  applied  likewise  Cq 

adnin  of  reeks  lying  near  the  anrlbce  of  die  water. 
Htffing.    The  operation  of  reducing  a  sail  by  taking  in  one  or  more  of  the  reefs. 
To  Reeve.   To  pass  the  end  of  a  rope  through  any  hole,  as  the  channel  of  a  block,  th^ 

cavity  of  a  thimble,  &c. 
JIanrfiiliif.  The  giving  way  or  yielding  to  the  eibrta  of  aoaa  mecbaahil  power.  It  ft 

used  in  opposition  to  jambin|ii;  or  sticking. 
Mib*     a  ikif.    A  figurative  expression  for  the  timbera. 

JUiralflNdtor,  to  when  a  ahip  to  bold  by  ber  encbore.  and  to  not  driaan  br  wind  or  fide. 

To  rid*  athvart,  is  to  ride  with  the  »htpN  ><ide  to  the  tide.    To  fUh  kmOH  fiUat,iB 

when  the  water  breaks  into  the  hawse  in  a  rough  sea. 
Migging.    A  general  name  given  to  all  the  ropes  employed  to  support  Ae  maata,  toei^ 

tend  or  reduce  the  'talla,  or  to  arranf^  them  to  the  disposition  of  the  wind. 
Sighting.    Restoring  a  ship  to  qn  upright  position,  cither  sAer  she  has  been  laid  00  a 

careen,  or  after  she  has  .been  pressed  down  on  her  side  by  the  wind. 
SVffM  !*•  Ml.  to  to  bring  it  into  nddahipa,  dier  it  baa  been  pnahod  either  to  il^^ 

or  larboard. 

'  i^^^^^^*^  ^  iuninog  out  a  pole  at  the  end  of  a  yard  to  extend  the  foot  of 

ITiHf  lAfc^Mfcm.  Tail tha boa inlhririiivdetlffehotea. 
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m  EXPLANATION  OF  SEA  TERMS'. 

JEood    A  place  near  the  laiul  u  licre  ships  may  anchor,  but  which  is  HOt  sLelldDHiI. 
fipbandSf  or  Ao|>ekawIt.   Short  Hat  piecee  of  plaited  rope,  having  an  eye  worked  at  otie 
Old;  tb^y  tniiNdinpunlotietlMii|i|i«redfe8ortheaqitaraMito 

yardi. 

Rolling.    The  motion  bjr  which  a  ship  rocks  (ronrside  to  aide  like  a  cradle. 
AfHfffi-TVce.  A  name  applied  to  any  maat,  yaid,  or  boom,  placed  in  mevAant 

ns  n  rail  or  fence  above  the  vessel's  side,  from  the  quarter-deck  to  the  fore-castle. 
Rf^uuLuifi-in.    The  puliing  upon  any  rope  which  passes  through  one  or  moie  Mocks  in 

»  direction  neariy  Borixontal ;  as,  rcmi  in  <he  weather-bracea. 
Rounding.    Old  ropes  fastened  on  the  cable,  near  the  anchor,  to  keep  it  from  chafioi^. 
Hamxd'tum.   The  »itu:Uion  of  the  two  cables  of  a  ship  when  moond^  after  tbajMre 

been  several  times  (■r()9:)Cu  b)  the  i>win;^ing  of  the  ship. 
Jtwwdfny-iy.  Similar  to  rcxindin^^m^  eucpt  that  IS  vgifStA  to  ropes  and  bloeki  wUdl. 

aft  in  a  perpendicular  liirr rtiori. 
To  Row.    To  move  a  boat  with  oars. 

JtnetAif.  Pidlingupacableorrope  withootlhe  tssi  teaeeof  taddst. 

Ritdfl  r.    The  machine  by  which  the  ship  i^  steered. 

RuUock,    The  niche  in  a  boat's  side,  in  which  the  oars  are  used. 

Am.  The  aftermost  part  of  a  ship's  bottom,  where  it  grows  extremely  narrow  as  Uie 
stem  approaches  the  stern-post,  ftun  is  also  the  distance  sailed  by  a  ship;  aadio 
mcewise  used  by  soilon  to  imply  tiie  agraeneiit  to  work  a  siogle  pessiv*  "om  one 
place  to  another. 

rs^fwiSMlaiMi^   To  carry  the  eod  of  a  rope  out  fhmt  0  diipy  in  a  boil»  a^d  fiutim 

it  to  some  distant  nhjcct,  so  tlint  !)y  it  thr;  ship  may  bo  remored  by  poUiqf  OH  it. 
To  sag  to  Ucward.    To  make  considerable  lee-way. 
SdSnf-lrfm  is  expressed  pf  a  sbi^  when  in  the  best  sUte  for  sailing. 
She  sauds  or  Mma$,   When  the  ship's  head  or  stem  falls  deep  in  tk«  trough  of  the  stsu 
SctttUing.    The  variation  of  the  wind,  by  which  it  becomes  unfavourable  to  a  ship's 

making  great  progren,  as  it  de>  iates  trom  being  large,  and  obliges  the  vessel  to  steer 

close  hauled,  or  nearly  so. 
SewL  To  go  right  before  the  wind ;  aqdgoiqf  ia  this  direetioa  without  anj  sail  Sbt 

is  called  raoontii^. 

SffMbtg,  Cutting  large  holes  through  the  bottom  or  sides  of  a  ship,  either  to  sinfc  ber» 

.  or  to  unlade  her  expeditiously  when  stranded. 

Sea.  ^  A  lai^ge  wave  is  so  called.  Thus,  they  say  a  heary  sea.  It  impKe»  likewise  the 
agitation  of  the  ocean,  as,  a  great  sea.  It  expresses  the  direction  of  the  waves,' as,  a 
hold  »HU  A  Img  sss  means  a  uniform  and  steady  motion  of  long  aii<j  extensive  waves  ^ 
Wi  short  sea.  on  the  coiitrnry,  is  when  Ihry  run  irrcgularlvj  broken,  and  intemqpled. 

&a*6oat.    A  vessel  that  bears  the  sea  iiriuiy,  without  straining  her  masts,  4cc. 

S(lhdtlk§§»   Jackets,  trowsert,  fte. 

Sea^nutrk.    A  point  or  object  on  shore  conspicuously  seen  at  sea. 

Hea-rcom.   A  sufficient  distance  from  the  coast  or  any  dangerous  rocks,  &c.  so  that  a  skip 

flMj  perfbrm  all  nautical  operatioDs  widioot  danger  ol  shipwreck. 
8mx§.   To  bind  or  make  fast. 

8kf9t.   To  wind  soroetliing  about  a  rope  to  prevent  it  from  chafing  or  ftattiag*  *Dm 

servke  is  the  thing  so  wound  about  the  rope. 
SeUing.   The  act  of  observing  the  situation  of  any  dbtant  olgectby  the  compass. 
To$et$aiL  To  unfurl  and  eiyajid  the  saib  to  the  wiiid,  in  Older  to  give  motaoB  to  tba 

ship. 

To  set  up.  To  inerease  tbe  tansioa  oT  the  shrouds,  back-stays,  &c.  by  taddes,  Inl- 

ards,  &c.  , 
Settle,    To  lower  j  as,  settle  the  topsaU  haliards^  lower  them. 
Totettte  thelmd.  To  lower  m  appearance.   It  is  synonymous  with  toUnfihe  leoU. 
Shank.    The  beam  or  shaft  of  an  anchor. 

Shank-painltr.  The  rope  by  which  the  shnnk  of  the  anchor  is  hf !«)  up  to  the  ship'.n 
side ;  is  also  made  fast  to  a  piece  of  iron  cbaui,  in  which  tlie  shank  ol  the  anchor  lo<%es. 

TesA^oceurae.  To  direct  or  appoint  tbe  traeli  of  a  ship,  in  order  to  proseenlo* 
voyage. 

Sheer.  The  sheer  of  the  ship  is  the  curve  that  is  between  the  head  and  the  stem  upon 
ber  side.   ThetUp  sAeers  ahaut,  that  is,  she  goes  in  andont 

To  tkeeroff.    To  remove  to  a  greater  distance. 

Sftcers,  are  spars  lashed  togi  ther  and  raised  up  for  the  purpose  of  getting  out  or  in  a  mast. 

^SftnC  A  rope  last  ned  tu  unc  or  both  of  the  lower  corners  of  a  sail,  in  order  to  ex- 
tend and  rstain  itte  a  particular  situation.  When  a  shipsaib  with  a  side  wind,  tlm 
lower  corner  of  th'^  main  and  fore-sails  arc  f;i5.tcncd  by  a  tack  and  a  sheet,  the  former 
Itcing  tu  windward,  and  the  latter  to  leeward  i  the  tack  is,  however,  only  duusedl 
^Ui  a  Htem  wind,  wbeiao  tbe  saS  Is  never  spiead  without  tbe  assistaaee  of  one  •r 
both  of  the  sheets  ;  tbe  Sti^y-sails  and  studdea-sails  have  only  enc  tack  and  one  shc<4 
each ,  ibe  stay-sail  UoAci  are  Otsteoed  forward,  and  (be  sbeeto  di;avQ  aft>  but  the 
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wh3e  the  sheet  is  employed  to  eitand  the  inner  comer. 
To  sheet  home.    To  haui  the  sheets  of  a  aail  home  to  the  block  on  the  yard-arm. 
To  ihijl  Ike  kelm.    To  alter  its  position  from  r^ht  to  left,  or  from  IcA  to  ri^U 
7*0  thfp.  To  take  toy  person,  goods,  or  Uinc  on  boud.   It  tko  ivptietlo  As  9»f  iUag 

id  its  proper  place,  a*,  to  .thip  the  ocr»,  to  tix  them  in  the  ir  rullock!*. 
Sl^^^ape.    in  a  seaman  like  maimer  ;  as,  that  meat  ts  not  riggeU  ahip-ahapc ;  put  ter 

■boot  ship-shape,  kc 
Shh-rrnii:.    i  he  ^tetodf  •  lail  when  flntleiliiK  Id  the  wind. 
ShoaL  Shallow. 

Skat  the  muthor.  A  small  block  of  wood,  convex  on  the  back,  and  hariof  a  hole  aufil- 
ciently.lar^  to  contutn  the  point  of  the  anchor-fluke  on  the  fore  side  ;  il  is  used  |» 

Stent  the  enchyr  from  tening  tke  ittooks  on  the  ship'e  how,  when  eicendiig  Of 
eendiog. 

Tttlmtu-hud*  tToadTeneeforwud. 

Shore.    A  general  name  Tor  the  sea  coast  of  any  eoimtiy. 
To  sAorUn  »aiL    C»ed  in  apposition  to  tmke  $miL 

Shrtndi.   A  nnge  of  large  ropes  estended  tnm  the  ntil haide  l» Ihed^tid  Ml 

sides  of  a  ship,  to  support  the  masts,  and  enable  them  4»cany  laiL  , 

Stnnetl.    A  small  plaited  rope,  made  from  rope*7ams. 

Slaek'-itater.  I  he  intcrral  between  the  tlux  and  reOax  of  ihc  tide,  when  no  motion  l# 
perceptible  in  the  water.  . 

Slatch,  Is  applied  lo  the  period  of  a  tran-itor^  breeze. 

cnble.    To  let  il  run  4uiic  out  when  there  is  not  time  to  weigh  the  anchor. 

3V  sfee.  To  turn  any  cyttadrkel  pieee  ol  timber  ebovt  ite  ana  wlttwut  raaofiif  it 
Thus  to  slue  n  mast,  or  teem,  ^  to  tarn  it  hi  ite  eap  or  boom  Ibmi.  Abo  to  turn  my 
package  or  cask  round. 

flwBul.   To  try  the  depth  of  walar. 

Sounding-line.  A  line  to  sound  with,  which  is  marked  in  the  following  manner:— Stdl 
leather  at  -1  ;(nd  ?•  fitlio'H',  uhite  at  5,  red  at  7,  block  at  white  at  (fome  sett- 
men  use  black  at  lo  aiul  i  ij  while  at  la  as  at  red  at  17  us  at  7,  two  knots  at  10 
ftthoDMs  and  an  additional  knot  at  every  ten  fhtboou,  with  a  aiogte  kntt  aidwi^  b»* 
tween  each  10  fathomx,  to  tunrk  the  line  at  every  five  fathona* 

To  sptU  Ihe  Miten.    1  o  let  go  the  sheet  end  peek  it  un. 

To  qrfK.   To  discharge  the  wind  oat  of  the  canty  or  beOy  of  a  sail,  wbiii  fl  ie  dnwa 

up  in  the  brails,  in  order  to  furl  or  reef  it. 
Spilling  litus,  ore  ropes  contrived  to  Iteep  the  sails  from  being  blown  away,  whoi  thqr 

arc  clewed  up  in  blowing  weather. 
Splice.    To  make  two  ends  of  ropes  fast  top;cther  by  untwiaUag  tttd  thftt  pOtth^ 

the  strands  of  one  piece  with  the  '  trond^  i)f  the  oth(  r. 
SpUt.    The  state  of  a  sail  rent  by  the  violeucc  ol  the  wind. 

Spom  drifU   k  soft  ot  showery  sprinkling  of  the  sea  water,  swept  firon  the  lOffiM  nf 

the  waves  in  a  tempest,  and  flyiii;';  lik-  a  vapour  before  the  wind. 

Sfitwf,  The  sprinkling  of  a  scu,  dnvsu  occasionally  from  the  top  of  a  wave,  and  nol 
oontimial  as  a  spoon^rKt 

To  npriui;  n  mast,  yard,  «^c.  To  crack  a  mast,  yard,  &c.  by  means  of  straining  in  blow- 
ing weather,  so  that  it  is  rendered  unsafe  for  use.  To  sprinij;  aleak.  When  a  leak 
first  comnvenccs,  a  shin  is  said  to  spnitg  n  leak.  To  ipring  /Ac  It^ff.  A  thif  is  said  to 
Mffingher  when  die  yields  to  the  effort  of  the  hdB,liyeaillng  aaonr  to  lha  wind 
than  before. 

Spring'iUtys^  are  rather  smaller  than  the  stays,  aad  placed  above  them,  and  intended  {o  . 
answer  tlie  parpoee  of  the  stay,  if  it  shoaid  be  Aot  away,  Ite. 

Sprinf:;-lides,  are  the  tidc«  at  new  and  full  moon,  which  flow  highest  and  ebb  lowest. 

Sparling  Ltn«,-i8  a  line  that  ;;ocs  round  a  small  barrel  ahall  the  barrel  of  the  wheel, 
and  coming  to'  the  front  beam  of  the  poop  deck,  moves  the  tell-tale  with  the  tnming 
of  the  wheel,  and  keeps  italwayi^  in  ^uch  peailion,  as  to  showtte  position aftiia  tUer. 

Spur-ahoes,  arc  lar^e  pieces  nf  timber  which «OMI  tbaft  the  pomp-welL 

Squall,    A  sudden  violent  blast  of  wind. 

JE^imrt.   Thu  term  ki  applied  to  yards  Aral  an  very  long,  as  IimnIIs  to  high  mast^. 

To  nipiarr  the  yards.    To  brace  the  rards     as  to  hanp;  at  right  angles  w  ifh  the  keel. 
To  aland  on.    To  continue  advancing.    To  ^ud  im.   To  advance  towards  the  shott. 

T^jtend^.  To  recede  ftt>m  the  si 
Bl^rboard.    The  right  h;iii.l  -^id.'  of  the  ship  when  looking  forward.  Stnrfioard-tnrl: 

A  ship  is  !^aid  to  be  on  the  ftmbovd  tack  when  sailing  with  the  wind  blowing  tqpoti 

her  starboard  side. 
fitarboard  the  hdm  !   An  order  to  push  the  helm  to  the  staihoard  side. 
To  stnti  n  thip.    To  arrange  the  sails  and  move  the  rudder  so  'as  to  bring  th*  dupli  head 

to  the  direction  of  the  windj  in  order  to  get  hci  onjthe  other  tadu 
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^0^9.    l^rgft  ropea  o«ming  from  the  mast  heads  d«WB  blfim  liA  BUt^  f»  f^lAlit 

them  frotn  springing,  when  the  ship  is  sending  deep. 
€Uadg !   Tike  order  to  the  beUntmui  to  keep  tbe  ship  in  the  direction  ahe  is  goiiij 
ttwt  inaltiit. 

Bering.    The  art  of  dirrrtine  the  ship's  way  by  the  movement  of  the  helm. 
Gteera^e-vaH.   Such  decree  of  progressiTe  motion  of  a  ttof  M  will  give  eflccl  to  the 
motioo  of  Ot  bilau 

fitem.    A  circular  piece  of  timher,  into  which  the  two  '^idcn  of  a  thip  arr  un>t<>d  at  tile 

fore  end ;  the  lewer  end  is  ecaurfed  to  tbe  keel,  jmmI  the  bowsprit  rest*  ob  the  uppsr 

end.  N 
TttUmtkttUk.  When  a  ship  is  sailing  against  the  tide  at  ioch  a  lateaeooiUii 

to  overcome  its  power,  she     said  to  slnn  the  tide. 
Stu»e,    Tufning  up.    The  bowsprit  sleeves  too  much,  that  is,  it  is  too  upright. 
Sim^uL   Arapeconlliiiasaahipbf  herstemtoanyoibereliiperwharfl 
Atminost.    The  furthest  astern,  opposed  to  hra,imoft. 
SUmwag.    The  motion  bj  which  a  ship  falls  back  with  her  stem  foremost, 
fiktfl   Theconditloa  of  a  ship  when  she  will  carry  a  great  qttantity  of  Mil  iHlftomt 

taiacd  of  oversetting.    It  is  u.-^^'il  ui  opposition  to  rrank. 
Stoppers.    Large  kind  of  ropes,  which,  iiemg  fastened  to  the  ceble  in  diffiereiit  plafiss 

abaft  the  bitts,  are  an  additional  security  lo  the  ship  ft  aildMW. 
To  stotc.    i'o  arrange  and  dispose  a  ship's  l  argo. 

StrmuL   One  of  the  twiitror  daviaiona  of  which  a  rope  le  eonpoied.  It  ill*  fofl^ 

the  iea  beach. 

fifraaM.  TUeteffia,  apeaUagor  acaUeer  rape,iigBifleathat  one  of  its  Btnuidiie 

hroken :  applit-d  to  a  vessel,  it  means  that  shf  has  run  aground  and  is  lost 
T»  stream,  the  6uoy.    To  let  it  fall  from  the  ship's  side  into  the  water,  prcviouslj  to  cuC^ 
ing  anchor. 

Stretch  out.    A  term  used  to  men  in  a  boat  when  they  should  pull  strong. 

To  strike.    To  lower  or  let  down  any  thing.    Used  emphaticilly  to  denote  the  lowediy 

of  eoloura  In  token  of  surrender  to  a  victorious  enemy. 
To  s(rtilc« sounittjig.   To  touch  ground  when  endeavourin<;  to  find  the  depth  of  water. 
Sued,  or  Sewed.    When  a  ship  in  on  shore  and  the  water  leaves  her,  she  le  Mid  to  00 

sued  ;  if  the  water  leaves  her  two  feet,  she  sues,  or  u  sued  two  feet.  * 
Stnf.   The  swell  of  tiie  sea  that  breaks  upon  shore  or  on  any  rode. 
To  nrrge  the  capttem.  To  siBckett  the  rope  heaved  roond  qien  U. 
Sucm  away.  Hoist. 

Smm.  IW  floelttating  motloA  of  tkeseaeMierdarlaf  orafleraslam. 

Sireepiug.    Thr-  nrt  af  dr::«;^tng  the  bi^ht  or  loose  part  of  a  rope  along  tta .eufltfa •f 

the  groundi  in  a  hariiour  or  road,  in  order  to  drag  up  soiaethini|  losL 
Sntngwg.  TheactoT  a  Aip*eturaiiigrottnd  her  anchor  at  iheiaaafief  wild  arlid^ 
To  tack.  To  tnm  a  ship  ehoat  from  oae  taek  to  aaoihar,  hg  briagiag  kcrhMdia  tte 

wind. 

Tt^ard.   The  uppermost  part  of  a  ship's  stern. 

Takinffin.   The  act  of  (Viriing  the  soils.  Used  in  opposition  to  scMfi^. 

XoAt'n?  a  back.  Seea-back. 

Tamkiiii,  or  Tumkins.    The  buog,  or  piece  of  wood,  bj  which  the  mouth  of  a  eamiifn 

is  filled  to  keep  out  wet. 
Tarpauiin.   A  clutli  of  canvass  eovarsdwilli  tw  or  iOM  other  oonpoiHiaB,  SO  ta  %i 

inake  it  water  proof. 
T^MgkL    Improperly  though  very  gencrallv  used  fhr 

Tmmt.    High  or  tall.    Tarticularly  iipplied  lo  masts  of  extraordinary  length. 

2'tU^taU.  An  instrument  which  traverses  upon  an  index  in  the  front  of  the  poopHkcl^ 
to  alMw  the  positiofi  of  the.  tiller. 

Taidfiif.  The  turning  or  swintb^  of  aship  round  her  anciwr  in  atide-inu  at  the  be- 
ginning of  ebb  and  flood. 

Thwart.    See  a  thwart.    Tkwat  t  skips.   See  a-(Aacarf  ships. 

Thus.   An  Older  to  tlie  hclBMnan  to  keep  IhasUp  in  her  present  sIlBition,  whin  atS- 

ittg  with  a  scant  u  ind. 

To  fide.  To  work  in  or  out  of  a  river,  harbour,  or  channel,  by  favour  of  the  tide,  and 
anchoring  wimiever  it  heooBMs  advene. 

Tide  it  up.     I'o  go  with  the  tide  against  the  Wind. 

Tide-wap,   That  part  of  the  river  in  which  thr  tide  ebbs  and  (lows  strongly. 

Tttr,  A  row ;  as  a  tier  of  guns,  a  tier  of  casks,  a  tier  of  ships,  &c.  7W  of»m  eahl^. 
A  range  of  the  fakes  or  vindings  of  a  cable  wbteh  are  laid  within  one  another,  in  t« 
horizontal  position.  Cnbie  Ttfr— the  speoo  in  the  audit  of  acM  when  it  ie  ooiledi 
also  the  place  in  which  it  is  coiled. 

TUtrr.    \  brg.  pif  cc  of  wood  or  beas^  pot  into  the  head  of  the  ivddMT,  and  ^  M^M 

of  which  tlu  rud.lcr  in  mo>rd. 

Topping,  f  uUjds  oneoi  the  ends  oi  a  jr«d  higher  thw  the  otfier* 
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Tceri  or  TmL  tignifies  txAt, 
rowing  or  sailing  on. 

4Vi94nw.   A  Muall  hawtcr,  or  rope,  used  to  remove  « thip  from  oDe  part  of  a  harbour 


^msoms.  Certain  beams  or  timbers  extended  across  the  strmpost  of  a  ship  to  fortify 
her  after  part,  wd  to  g^ve  it  the  fifore  moot  mitable  to  the  lenriee  for  which  she  is 

calculated. 

Trav'ertt.   To  go  backwardi  Md  fhrwanb. 

ffnenmla  or  TruntuUi.    Long  woodrn  pins  emplojod  to  connect  tho  pttnki  of  tbeah^^f 

aide  and  bottom  to  the  correspouUiog  timbers. 
gWy  iwg.  AmdliulaMdbf  evtten  and  h(ip  in  Uowinf  weather. 

Trice f  Mce  up.    To  haul  up  and  fasten. 

Trim.   The  atate  or  diipotition  by  which  a  ihip  is  best  calculated  for  the  ourpose*  of 
aevigation.   To  trim  (*e  Asli^Mo  errtnge  the  cargo  regularly.   TV  frim  Me  satts-^e 
dimose  the  sails  in  the  best  arrangpincnt  for  the  courM-  whic  h  a  sliip  is  steering. 
To  tnp  Ike  anchor.    To  loosen  the  anchor  frotu  the  ground,  either  by  design  or  ac9ident 
Trough  of  the  Sea.    The  hollow  bctwcco  two  wavM.   

TrwL  A  round  piece  of  wood  pat  upon  the  lopof  iegataTai>  Willi  ebeaaai  m  each 

side  for  the  haliards  of  the  flags  to  reeve  in. 
Tumuig  to  wmdvford.   That  operation  in  sailingi  whereby  a  ship  endearotirs  to  a4- 
vaaee  agaiaal  <ha  wM. 

To  Unballast.    To  di-scharge  the  bafltLit  out  of  a  ship. 

To  Unbend,  To  take  the  sails  off  from  their  yards  and  stays.  To  cast  loose  the  an- 
chor from  tte  eaUa.  To  antie  twe  rapaa. 

T»  VnOL   To  remove  the  tume  ef  a  cable  from  oflT  the  bits. 

Vndtr  foot,  is  expressed  of  an  anchor  that  is  directly  under  the  ship. 

Ukdtr  toti,  or  under  tcay.    When  a  ship  is  sailing  she  is  said  to  be  midigr  aMM. 

Under  Uftu^tkt  atere,  is  to  be  dose  mktor  the  shore  which  tiea  to  windward  of  (he 
ship. 

VnhtrL   Cast  loose  the  gasket  of  the  sail. 

^OiioMor.  To  iidKe  a  ship  le  tteaialeorridlBgat  rfng)eaacher,after  Aehif 

been  moored. 

To  Unnett,    To  draw  a  rope  from  out  of  a  block,  timber,  &c. 
To  Urvh^.    To  deprive  the  ship  of  her  rigging. 

VvroM.   The  piece  of  wood  by  which  the  Icfi  ef  the  crow-fbot  are  extended. 

Van.   Tae  foremost  division  ef  a  diet  in  one  Hoe.   It  it  Ukewiie  applied  to  the  forC' 

most  ship  of  a  dirisioo.  * 
Tanc  AnaikMertigwoniateoehmasthead.  .  ^  ^ 

A  fmvr  Wear  the  ahip.  To  ehaflga  a  ihip^  eooiae  Aom  coe  tack  to  the  other,  BQf 

tandH  her  stern  to  windward. 
Fmt.  Let  eat,  as  veer  away  the  cable. 
Veer.    Shift   The  wind  veers,  that  b,  it  "hiff?.  rhrmpcf^. 

To  Veer  and  Hmd.  To  pull  a  rope  tight  by  alternately  drawing  it  in  and  slackeni^  it* 
VM  or  Foyoi.    A  block  through  which  ibe  messenger  passes  in  weighing  the  aMOT* 

A  large  mesBengBr  is  called  a  viof. 
Wa}(e.     r'hc  path  or  track  impressed  on  the  water  by  the  ship's  passing  through  it, 

leaving  a  smoothness  in  the  sea  behind  it    A  i»hip  is  said  to  come  into  the  wake  of 

another  when  she  follows  her  in  the  same  track,  and  is  chiedy  done  in  bringing  ships 

to,  or  in  rorniinj  the  line  of  battle. 

Wdety  are  strooR  timbers  that  go  round  a  ship  a  little  above  her  water-line.   

Warp.    A  small  rope  employed  occasionally  to  KBOfO  a  eUp  Aom  eoe  puse  !• 

another. 

To  Warp.    Ts  remove  n  ship  by  means  of  a  warp.  -  ^ 

IFoist   That  part  of  a  ship  contained  between  the  quarter  deck  asd  Oe  fbre-Cisae. 
Ifelcrifnc.  Ihe  Hne  made  by  the  walefs  edge  when  a  ohip  haa  her  lUtinoportloa  of 

stores,  &.C.  oi  board. 

WoUr-bmne,   The  stale  of  a  ship,  when  there  is  barely  a  suftcient  depth  of  water  to 

leather  off  from  the  groond.   

0^rt<r4ogged.  The  state  of  a  ship  beceM  heavy  and  iaiellfiOBthe aaa,  Mi  tta  gnat 

quantity  of  wUer  leaked  into  her. 
WaUr-tighL  Tie  state  of  a  ship  when  not  leaky.  ^  . .    .  - 

V>ettir.Tdwialli>ra^rthfa«  lite  get  to  windward  of  it.  SymmfMoa  with  wind- 

B'selAer^salm.  Bhatteitd  by  a  storm.  Weaiiur-bit.  A  turn  of  die  «;h1e  aheat  fhh 
«ii  ef  the  whrilMo.  ITsalhfr-iegs.  Whe»  a  ahip  or  fleet  is  to  windward  of  ano- 
ther, sheis  saki  ta  have  the  voeather^m'^  of  her  Wtathtr'^ttr.  Tl,at  quarter  of 
the  ship  whiih  ieoB  Iho  windvaid  side.  WtaHur-sUe.  The  side  upon  which  ihe 
wind  blows. 
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EXl'JLANATION  OP  d£A  TiiKMS- 


To  IVci^U  Anchor    To  ht-nvc  up  an  anchor  from  the  bottom. 
To  Wind  a  Skip.    To  <  ban::*'  Ikt  position,  brin»in?  hrr  head  Tvljprc  hor  jtorn  was. 
tf  'ind  road,    \\hea  a  ship  is  at  anchor,  and  the  wuid  being  agaimt  the  tide,  ia  so  stroiig 
wtotcrcoaetepoifar—d  kMpthedup  to leewazd of  Imr aiulMir, Aft  linidto 

be  trind-ro'id. 
WouPm  ej/e.    The  point  from  wtiicb  the  wind  blows. 

TV  ITMMnf.   Towtrif  that  part  ol  tbe  boricon  from  whidi  tie  wind  tiows. 

Windward  Tidf.    A  tide  tIltt•ct^  to  wintlwarJ. 

2b  FFor/k    sfdp.    To  direct  tbe  movements  of  a  ship  by  adapting  the  saib  aiidiuiit||jhi|p 

tbe  nidder  according  to  tbe  course  the  ship  has  to  make. 
To  work  to  icindward.   To  nuiltt  t  progreae  tgiiMt  the  dinetioB  «f  tiie  wiBd. 
WoUd.    To  bind  round  with  ropeii 
Yards,    The  spars  upon  n  bich  the  aeils  are  spread. 

Itrnttag*  Themoliooof  aihipiihaiahedeiteteaiiraM  hereooneto  Iher^ 


EYOLUTIONS  AT  SEA. 


0/  Ihe  liallasl  and  Lading. 

WHLN  a  skip  is  loading,  it  should  be  considered  that  her  tendency  to  pitch  or  roll 
Iflpeoda  not  doDe  on  hw  fbniyhat  eieii  moco  upon  the  diilribiitioaof  tbe  hearieit 

parts  of  her  cargo. 

Particular  attention  ii  to  be  paid  to  moderate  her  pitehingi  ts  that  is  irhat  most  fa- 
(i|BM  a  il^  wad  her  metia  :  and  it  ia  moatly  in  one  of  tlraae  motiena  that  maata  ten 
•em to  bieaky pHticuIarij  when  the  head  rii^cs  aAer  having  pitrh<  d.  Altbough  the 
wIDbig  be  proportionably  a  mmre  considerable  movement  than  pitching,  it  is  seldom  anjr 
ieeideiit  is  seen  to  arise  fVom  it,  as'itis  always  a  slow  one.  It  is  nowerer  not  lest 
proper  to  prevMit  it  as  much  as  possible.  This  will,  in  general,  be  easily  obtained, 
without  being  any  way  detrimental  to  the  .chip's  •«(ifl  carry  ing  of  sail,  if,  when  tht  hallrct 
it  iron,  jou  stow  it  up  to  tbe  floor  heads j  because  il  will  recall  tbe  ship  with  less  uo- 
1eiweallBrherhMinghidined,nndit  will  act  on  n  potait  but  little  diatanl  teoi  tho 
Centte  of  gravity. 

In  the  merchant  service  the  stowage  coniiists,  besides  the  ballast,  of  cadu^  cases, 
bdea,  boiea,  fte.  whidi  are  all  caiefuily  wedged  off  Aom  the  bottom,  sides,  punpwell, 

ftc;  And  great  attention  paid  that  the  most  weighty  materials  aie  stowed  rudrtit  to  tbe 
centre  of  gravity,  or  bearing  of  the  ship,  and  higher  or  lower  in  the  hold,  agreeable  (a 
die  form  of  the  ressel.  A  full  low  biult  vessel  requires  them  to  be  stawed  high  up, 
that  the  centre  of  gravity  may  be  iii8ed;^to  liecp  her  from  rotting  nwny  her  routs,  and 
from  beins;  ton  5tin  and  l.ibonrsome  ;  as',  on  the  contrary,  a  narrow,  I  is^i  built  v(<sel 
requires  the  most  weighty  materials  to  be  stowed  low  down,  nearest  :hc  iLcison,  that 
tte  eeatot^of  pnltj  mny  be  kept  low,  to  enable  her  to  cany  adi,  and  to  ptOToat  her 

7b  wclir  kifme  ipfelftcr  in  a  plexe  wktre  yon  wtt  rUi  head  to  idnd;  M^g  dm  kmiti, 

Seing  under  the  three  topsails,  forc-topma^t  stay  sail,  and  mizen,  stand  on  until  you 
are  within  about  two  ship's  lengths  of  the  place  where  jou  mean  to  c^op  your  anchor  | 
then  pot  dm  helm  n-lee,  and  hmri  down  the  rore-topnmat  stay  taO.  im  soon  at  the  f  o|m 
tdb  thi^,  due  them  up  briskly,  before  you  lower,  except  the  mizcn"  topsail,  which  is 
Inhe  Idd  to  the  mast,  and  the  mizen  sheet  hauled  flat  aH,  tbe  instant  the  ship  begins  to 
luwn  dsm  way,  by  reason  of  the  wind  being  a-bead.  Then  bhirt  the  lelm  to  wind- 
ward, and  let  go  the  anchor,  veering  away  the  cable,  to  give  it  time  t»  settle  in  tbo 
ground,  until  the  vessel  falls  off,  when  she  is  to  )m>  checked,  to  bring  ker  bend  to  Chn 
wmd.    When  that  is  done,  right  the  helm,  and  haul  cp  the  mizen. 

T0  auher  in  fine  meathtr  in  a  place  where  you.  iciU  ridt  head  to  trtnJ,  -he  wind  beiat; 

If  you  hare  the  wind  lan^,  whether  on  the  beam  or  more  aA,  the  fperation  is  still 
the  same,  only  hauling  up  a  little  «ooner  to  keep  to  windnani,  bccaite  it  is  in  yoxsr 
power  to  drift  as  much  as  you  think  requisite,  and  because  the  ship  will  be  entirely 
■topped  as  soon  as  all  her  sails  begin  to  catch  a  back,  and  you  will  have  done  cluing  them 
Vp  when  they  begin  to  shake.  The  mizen  topsail  i»  neit  to  be  hriv^^  to  the  mast,  Iho 
belm  put  a-weather,  and  the  anchor  let  go,  as  soon  as  the  head  way  tvAses  ;  then  alhet 
gbing  hern  anOdeney  of  cable,  bdng  the  thip  up.  If  the  bat  been  f oing  laige  ttoMl 
not  range  precisely  head  to  wind,  since  her  headway  ceases  as  sOvin  as  the  sails  a^e 
t&kfen  a-baidi^  and  the  effort  of  tbe  wind  acU  on  all  Uic  rigging  of  the  ship  tto  iaifci  her 
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a»tep)  M)d  t9  lectrard,  which  14  iodeed  augmenUn^  Mie  c(l«ot,  oX  Uic  nuJUcr,  at 
tho  « t^freatber  to  bring  tho  vvmnmI  to  the  wtM  ;  but  aa  Uie  power  of  the  wted  it 
Tncjgmttopay  tBc  sbip^shead  off,  it  baianct-^i,  wliolly  or  partly,  (according  as  tlfc 
s]li|»goes  astern  »vith  more  or  Icm  velocity)  ihe  ctlort  of  the  rudder  and  that  of  the 
laixen :  thua  slic  driiU,  aiiU  reuioins  aji  it  %verc  lying  to  with  all  lier  saib  aback.  Tlii:« 
it  tfie  reason  why  we  keep  e  Hitle  to  wiodward,  and  let  go  the  tDchor,  to  bring  (Ixo 
ship's  head  to  wind  ut  the  proprr  time,  which  ?h<:  will  do  the  more  readily  as  slieitwillk* 
held  forward  by  (he  cable,  while  the  wuul  uii  her  side  forces  her  to  leeward. 

To  anchor  ui  Jjinc  weather  iu  a  place  where  you  are  to  ride  head  to  the  stream  and  tcuf^ 

the  wind  hemg  targe. 

•  If  you  tie  obliged  to  Vide  wMi  the  bead  to -the  ttreun,  you  mittt,  when  it  comes  (torn 

Ibe  windward,  put  the  helm  a-!ee  in  setting  t!ie  niizcn,  then  clue  u{»  tlic  htiIIs  :  and  ^hen 
tbe  thip's  bead  ia  right  in  the  direction  of  the  stream^  lot  go  the  anchor,  provided  tbe 
bas  quite  lost  ber  headway  ;  for  eleC|,yoa  would  get  foul  Ot the  andior ttodc  by  numtog 
over  it '  Tbit  mast  never  be  nc  -  lected,  unless  you  And  yomteir  under  the  nece^isily  tu 

bring  up  in  any  situation  in  which  you  may  happen  to  be,  which  is  almost  always  thiC 
case  when  you  arc  taken  too  short  tu  have  time  to  bto^i  Uic  vessel :  a  reuuiou  why  there 
is  often  •  necessity  of  casting  a  second  anchof,  wfaieb  generaliy  catches  the  ground  Iqr 

sistancc  of  the  first,  u-liieh  ha'<  bei^n  to  diminish  the  velocity  of  the  sh^j  andatminy 

of  tbe  sails  iirc  lobe  huukil  don  11  as  you  can,  and  as  quick  as  possible. 

To  anchor  in  fine  weather  in  a  place  where  gouwiU  ride  head  to  the  slreom,  tchick  tMite' 

fimn  leeteard,  the  tebut  Mngln  rge, 

Wben  Ihotnnrent  comet  from  the  leeward,  you  must  keep  the  &bip  away  till  bar  beaB 

♦  nmcs  to  tht  sPt  of  the  stream,  and  take  in  all  the  ••ails  to  diminish  as  speedily  as  possi*- 
Lie  her  headwav,  which  always  continues  of  itself  long  enough  when  the  wind  is  aA  or 
fery  large ;  and  wben  Uie  abip  is  stopped  by  the  effort  of  toe  water,  let  go  tbe  nnebor 
witho'it  uaititiji  for  the  ves:  el  j!;athciiii^ stern-way,  if  the  current  is  rapid;  and  in  tffin 
ca^e,  as  well  ^  aU  tiiose  wherein  there  is  aseai  or  blowing  firesh,  the  ahip  lequire*  a  gdSat 
length  of  cable. 

To  come  to  an  anchor  with  the  icind  ajt. 

First,  band  tbe  main  topsail,  and' then  lower  the  fore  topaail  down  on  tbe  cap ;  and 

when  you  are  within  a  rfaMJiiabh'  Jistance  of  the  place  \vhere  you  mean  to  drop  anc^r, 
(which  distance  it;  to  be  judgc;<.I  uf  from  tbe  readiness  of  the  ahip  to  obey  the  helm,  a'hd 
from  her  velocity)  the  tiller  may  be  put  cither  one  way  or  the  other,  the  fore  topsail  and. 
fere  topmast  stay  sail  cloed  up  and  taken  in,  tbe  ffllvjeo  topsail  brared  .sharp  up,  and  tHb 
mizen  sheet  hauled  flat  aft.  A\  hen  the  ship  ran;^cs  close  to  the  wnul,  slie  is^as  it  were, 
lying  to  under  the  mizcn  and  auzcn  topsails,  with  the  i&^t  mentioned  sail  full  or  a-hdck 
aeoording  as  you  may  bave  occasion  to  aboot  a-bead  or  drop  n^m' ;  to  timt  if  yoo 
too  much  to  windward  of  the  spot  wlu  rt>  you  rucan  to  bfi^  you  drif\  till  you  tflll^ 
at  it :  if  you  are  precisely  in  the  proper  birth,  you  let  go  iSt  anchor  in  lowcrini^  down  • 
tihe  uiion  topsail,  vidikb  li  to  be  furled  as  soon  as  Um  vessel  is  brought  up  ;  then  tho 
•bip  will  come  head  to  wind  by  tbe  power  of  tbe  mlacn,  wbieb  mutt  bo  btailpd  at 
toon  at  il  shakes. 

•  Scud'Jinq  xmder  a  fortmlf,  to  come  to  an  anchor. 

The  foresail  must  be  citicd  up  when  at  .some  distance  from  your  birth  ;  and,  £bmn 
part  of  the  way,  run  under  bare  poles.  When  near  enough  to  sheer  to  the  wind,  ypu 
tfxoente  it  by  putting  the  behn  bard  a-lce ;  and  as  soon  as  the  ship  is  come  to,  let  go  tlm 
anchor,  jivinjj  her  a  large  scope  of  cable,  nnd  observin";  to  check  her  handsomely,  in  or- 
der to  moke  her  ride  head  to  wind,  as  stopping  her  at  first  too  short  might  enddj^;er  her 
ddiie  0%  andior.  Sboold  tbe  flat  not  bring  Mr  np,  a  teeond  may  bo  let  go. 

To  onehor  witt  e  sprins;,  in  order  ft  present  the  ve$»eP9  sUe  h  (1  ftbee  or  ship  y:jt  tsUh 

to  cannonade. 

This  is  pxerntrrl  wlicn  yon  Inow  that  the  wind  or  current  willbrisip;  your  head,  w1i/'u 
at  anchor,  towards  the  object  yuu  mean  to  attack  ;  iir  »hoaldthc  wind  or  tide  bring  your 
broadside  to-bear  on  tbe  object  you  mctin  to  coinomiday  tbe  tptiitt  would  only  be  a  pre* 
ciiution  to  ;;ct  under  way  more  qotci^  in  COtO  you  were  obl%ta  tO  fOtaot,  Off  In  cato 
the  %viud  or  tide  should  shift. 

Get  a  laige  saatch-block  in  the  aftermost  port,  or  on  the  same  side  yott  wisb  to  ptv  . 
titnt  to  the  nind  or  cnrrent,  and  on  th*  same  side  witb  tbe  anchor  and  cable  with  which 
ymi  mean  to  briu;^  up  ;  then,  through  the  block  reeve  a  hawser,  the  end  of  which  is  t» 
be  cliachcd  to  the  ring  of  the  anchor  you  mean  to  lot  go ;  the  other  part  is  to  be 
tapoo^  to  the  etpttan  wkb  nMetsnr^  ranget  of  tbe  eaUo  aiMl  bnwser  6n  doefc.  Tbat 
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done,  and  the  diip  being  arrived  at  the  birtb,  you  are  to  deaden  ber  war  according  to 
cirenoutaiiotti ;  ttmi  let  go  the  anchor,  and  veer  away  enoi^  cable  nd  htwaer^  iwir  a 
little  more  of  tbe  one,  uiid  then  a  little  more  of  the  other,  according  you  wish  to  pre- 
-aent  more  head  or  s^em  ;  which  you  can  do  by  hcanng  on  the  fpriii*,  or  what  is  the 
aaney  veering  uway  more  cable,  bhould  you  find  it  requisite  to  :>iui't  your  position, 
you  bave'only  to  veer  out  mace  of  tfae  hawaer. 

n  com  to  andur  in  rwiii  that  an  ^Utt^  emoded  tM  thxps^mtdlffietMitmrUrtlufir 

•  others.  ,  , 

The  best  nnrhoring  births  in  these  plana  are  mostly  kiiown  by  maiks,  andof  ooqifle 

are  occupied  by  the  first  »hip». 
In  a  tide  or  trade  wind  road-stead,  the  nest      ttat  comes  shoold  not  anchor  rf^ 

ahead  or  R-'^t^rii  of  tin  first  ship  and  so  as  to  lie  in  the  other's  hawse,  but  should  come 
to  on  the  bow  and  quarter  at  a  sufficient  distance  to  prevent  other  ships  from  coming 
between,  and  in  a  slanting  direction  from  the  tide  or  wind,  lltfs  might  contribntolo 
the  safety  of  ships  when  it  blows  strong  upon  a  lee-tide  or  in  strong  sea  breezes,  as 
each  f^ingle  ship  may  then  veer  away  what  cable  necessary,  and  keep  clear  of  the  other 
ship's  hawse  a-stern  ;  or,  in  caie  of  driving  or  casting,  they  have  a  better  chance  of 
keeping  dear  of  eoeb  Other. 

TV  ffl  iqi  an  one W,  in  shij»  loiUpik  knt  a  main  anijeer  ciqMian.'  - 

In  large  liiipe  winch  have  a  main  and  jeer  capstan,  and  ihe  strain  is  thought  too  great 

for  the  nK  sscnpcr  alone,  the  viol  is  used  thus  :  Three  or  four  turns  arc  taken  round 
the  jeer-capstan  nitii  one  end,  so  as  to  leave  that  aide  clear  on  which  the  cable  L»  coming 
in ;  and  pass  the  other  end  through  the  viol  block,  whicA  is  lashed  round  the  main-maat 
nn  the  lower  deck.  It  is  thrn  carried  forward  and  passed  round  thf  rollrrs  in  the  man* 
ger  near  the  hawse  boles  ;  then  brought  aft,  and  spliced  to  the  other  end  with  a  short 
splice,  and  the  ends  mailed  down  t^t  That  Ma  of  the  viol  on  wVkk  the  oUe  it 
boming  in  is  fasttnu-d  to  the  cable  by  nippers;  and  thus  the  continued  eiorts  of  the 
capstan  are  conveyed  to  the  cabli',  until  it  is  hove  in.  The  nippers  are  clapt  on  in  the 
manger,  from  one  to  two  fathoms  asunder  ;  and  the  viol  is  applied  to  the  midships,  or 
inside  oif  the  cable.  Nippers  arc  clapt  on  by  taking  three  or  four  turns  round  the  viol, 
four  turns  round  the  cable  and  viol,  and  then  three  or  four  turns  round  the  cable.  This 
method  is  au  exceeding  good  one,  and  very  Ruitable  to  quick  heaving  ;  but  when  the 
atnin  b  great,  and  theciMe  modify,  the  nippers  clapt  on  alter  this  method  wiQ  not  nip 
sufficiently,  and  some  limns  recourse  is  had  to  the  following  nu  thod  :  Throw  sand  or 
nibes  upon  the  cable,  and  take  a  long  dry  nipper,  which  middle  and  pass  one  half  allt, 
racking  it  in  and  ont  round  the  cable  and  viol  ;  then  worm  its  end  round  the  viol  only. 
Ader  this  pass  the  other  half  in  the  same  manner  fonvard,  but  worm  its  end  round  the 
cable  only,  and  let  cftch  end  of  the  nipper  be  held  on.  The  advantaf^es  of  this  method 
ore,  that  us  the  strain  of  the  cable  lies  fonvard  and  that  uf  the  viol  afl,  the  nip|>er  will 
be  dravm  so  tnhtas  efrectuaify  to  hold  the  cable  till  somediing  f^re»  way  ;  idao  they 
can  never  jamb,  for  holh  cmU  are  clear  for  t;il{iii^  olT.  Another  method,  when  the  •>traiii 
Is  great,  is,  to  have  uip|>«r&  with  an  overhand  knot  made  at  one  end  ;  and  with  that  end 
n  round  turn  talren  round  the  eabfeand  viol,  leaving  three  or  four  Ibet  of  the  end  ;  then 
with  the  etiter  end,  take  three  or  four  racking  turns,  and  expend  nearly  the  ifemainder 
with  turns  roimd  the  cable  and  viol,  Inyinji:  the  knotted  end  under  and  over  each  of  the 
la^t  turns  ;  the  end  is  thuu  held  fa^it.  1  he  men  v>  ho  clap  on  the  nippers  are  attended 
by  bi^a,  wiK>  hold  the  ends  of  them,  and  foHow  the  progreas  of  the  ed»te  as  it  b  hove 
in  ;  and,  as  tlie  nippers  arrive  near  t!ie  main  hatch-Avay,  they  arc  taken  off  and  cturied 
fomard,  where  they  aic  again  clapt  on,  and  so  in  succession  until  the  cable  is  hove  in 
sufficiently  to  raise  the  anehor  above  the  water.  It  it  then  stoppered  ronnd  all  beAne 
t'le  bilts,  that  i.s,  round  the  cable  and  vioL  The  anchor  is  then  catted,  and  afterwards 
fi-'iied.  To  ^liitl  the  viol  for  heavinj;  in  a  second  anchor,  it  must'be  unspliccd,  and  tlie 
turn.')  ruun<i  the  capstan  rcvei'scd.  ^\  ben  the  strain  is  so  great  as  to  require  other  pur- 
chases, the  top  tackles  may  be  used  thus :  the  double  block  is  lashed  to  the  main-mast 
or  topsail-sheet  bitts,  the  treble  block  is  lashf  d  on  the  cable,  nnd  the  fall  is  brought  to  the 
capstan.  If  the  top  tackle  falls  ard  thought  iusudicieut}  any  hawser  may  be  used  that 
irill  veere  throi|i|^  the  bloefcs. 

To  get  ftp  an  anehor  in  okijn  fohieh  hate  net  a  Jeet'Capstan* 
Ships  without  a  jeer-capstan  have  no  \  iol,  but  heave  in  their  cables  by  a  mesaeuttr, 
^Iiieh  has  an  eye  spliced  in  each  end,  one  of  wlii«'h  ends  is  passed  with  three  or  (our 
turns  rouud  the  capstan  ou  the  upper  deck,  and  ilie  other  end  passed  forwards  round 
the  roUera,  at  the  fore  part  of  the  viangcr  ;  then  brought  aA  to  tte  other  ettd,ftnd  UhIh 
cd  thua  :  scvr  ri!  lurn.  nre  p;\-^'  d  thruii;;h  the  eyes  crossing  each  other  in  the  middle, 
tiaen  a  half  hitch  is  taken  round  thu  parts,  and  the  end  i>toppet^  with  .•<pun-yarn.  The 
ftmainder  of  the  operation  is  performed  as  by  the  viol,  with  thi^  exception  ;  the  mt^- 
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scngcr  is  applied  to  tb«  outside  of  the  cable,  an4  wben  the  nipoen  aie  innuiBcieiit,  tlte 
mes8eng:cr  may  te  likdiwd  tbue  :  the  bight  of  the  OHSMnCMr  is  futeiMd  iMad  tht  eihle 
at  the  raanfcer  with  ftffOQiiig  hitch,  and  ttie  bight  seised  found  the  eable  hefora  tiM  hileh^ 
This  practice  i!i  by  no  means  so  good  as  the  others. 

When  getting  under  nuy  in  a  »ca  gale,  the  \iul  is  better  than  a  messenger,  as  tlie 
eending  of  the  ahip  earrics  all  the  strain  to  the  main  capstan,  and  endangen  ^aieii 
at  the  bars,  whereas  with  a  viol,  the  ftnin  is  talien  to  the  tiol  btock,  and  the  awn  at  the 
fore  jocr-capstau  heave  in  security. 

To  get  up  a  ueond  mnckor. 

Bitppim  hf  die  fimier  methods,  that  tiie  otaihoard  mdior  ii  got  up,  wd  that  the 
cable  of  tLc  sccon<l  anchor  rritent  the  Inrhoanl  haHN<;  hole,  (he  operation  of  getting  up 
the  second  anchor  is  the  same,  obsenins  only,  thai  the  ntesaeoger  must  be  shiAed,  and 
the  turns  on  the  capstan  leversed,  to  diangc  tlie  diipoeition  and  aide;  and  die  mut* 
who  befora  hdd  on  the  larboard  side  in  the  first  operation  ^  hold  on  the  starboard 
side  now.  Tlir  motion  of  thv  rnpstan  is  performed  the  coutraiy  way,  and  the  <;ahleoa 
the  larboard  vide  is  fixed  aiid  huve  in. 

To  gfi  up  m  Mchor  in  Merekant  S^pe.  * 

I^Ioiit  merchant  ships  and  smnll  vcbscls  hcu\r  up  their  aurhors  by  a  windlaas,  round 
which  an  takeiiiihne  tiirns'of  the  cfihle,  and  hehl  on  by  hniui,  or  by  a  jij^er  ;  thus — the 
end  ol  the  rope  i^hicU  has  the  sheave  is  passed  round  the  cable,  with  a  round  turn, 
doee  to  the  windlam,  tho  leading  part  of  the  rape  coaung  over  the  aheave,  and  etieldi- 
tid  afl,  by  mrnns  of  the  fall  j^as^inp;  thron^lj  the  jif^ijer  block  ;  the  stiimlin:^  part  of  the 
fall  is  made  fast  round  a  stantion,  at  the  fore  part  of  the  quarter  decli,  and  the  leading 
part  is  bowsed  upon,  which  jambs  the  tome  taken  round  the  table^  and,  iriiea  the  jig* 
gei  arrives  abreast  of  the  hatcbv.ay,  it  is  remofed  fonvaid,  and  the  caldeis  jaoM 
a  hajubpilce  at  tike  windlass,  until  the  jigger  is  reftxed. 

To  irriirft  an  nnehor  ttith  the  lon^  honl. 
This  is  done  by  tailing  >he  long  boat  to  Ihe  buoy  of  the  anchor,  and  putting  thcbooy* 
rope  over  the  darit  of  the  h)ng  boat,  and  a  tackle  on  the  huoy.rope  ;  by  which,  wWl  the 
aaeislaBcc  of  men  on  the  fall,  the  antlior  i^  weighed  out  of  tlu  p;roiin(i.  This  being  ac- 
romf)li.shc(l.  the  cnhlc  is  ho>c  in  on  board  ;  the  buoy-rope  and  tacUtc  boing  .nccured  in 
Ute  boat,  tiiey  approach  the  tshiji  as  the  cable  is  buvein,  and  the  anchor  catted  and 
alowed.  Small  anehon  and  gcepnels  aie  yot  up  by  the  davit,  hauling  open  the  ptpiwl 
lope  ffj  hand. 

To  icfigh  rtn  anchor  btj  umh ,  -.  uiinlnf^.  ■ 
nieis  by  placing  the  cable  over  the      it-head,  and  under-running  it,  till  it  is  nearly 
epeek,  when  It  i»  tripped  by  means  of  tackles,  as  before  by  the  bouy  rone.   Tide  amthod 
U  trouble  ^onic,  and  ^  only  adopted  when  the  bttoy  ligilae,  and  a  ship  cannot  get  netr 

her  anchor  for  uant  of  water. 

To  get  under  moU  when  tk»  «iWp  i$  stotngtng  htad  to  icrind,  on^  you  wenl  (o  cesi  tUhar  to  > 
etyteerd  «r  larftearrf,  in  e  phwe  where  Iktn  is  ne  cwrtnt 

To  cast  fo  starboard. 

IleavR  short  on  your  anchor  till  it  apcek ;  then  haul  in  quite  home,  the  larboard 
braces  forward,  and  aturboard  braces  abaft  ;  loosen,  sheet  home,  and  hoiat  the  topsails ; 
put  the  helm  a  starboard,  and  heave  till  the  anchor  is  aweigh.  The  aioaient  ttie  anchor 
quits  the  ground,  the  fhip  u  ill  bcj^in  to  fall  off  to  •^tnrhonrd.  As  soon  as  thi'^  movement 
is  perceived,  hoiat  the  jib  and  fore«topmast  staysail,  if  necessary,  to  help  her  and  when 
ehe  has  aniBeiently  tUlen  off,  her  saile  abed  (whfeh  aM  trimmed  ehaip  for  the  hfboard 
tack)  wilHill.  But,  unless  for  very  superior  reasons,  yon  had  Iwtt^r  enntimu  lying-to 
till  the  anchor  is  catt«  d,  taking  care  to  haul  the  mizen-aheet  cloee  aft,  if  the  ship  be  ia- 
cliaed  to  fall  oft'  too  much. 

Haul  in  the  starboard  braces  fbrwaid  and  thelafboord  aft,  and  put  the  helm  a-port 
llie  rest  of  the  operation  is  the  eane  as  the  preeeding,  only  changing  the  starboard 

for  port. 

If  a  ship,  riding  head  to  wind  and  tide,  wnnted  to  get  under  tail,  after  having  daei* 
Jed  on  which  ?ide  it  is  l>cst  to  ha^e  her  cast,  it  mt;*t  he  performed  according  to  one  of 
the  foregoing  methods,  except  witii  rcsard  to  the  helm,  which  must  he  put  to  starboard 
either  bebie  the  andior  leosem,  or  while  it  deee,  if  you  wirii  te  eaet  to  port ;  because 
the  water  eeolflltfrom  forwHrd,  acts  virith  the  same  force  on  the  rudder  as  if  the  ship 
went  with  the  current,  impelling  the  rudder  to  starboard  and  head  to  port.  Therefore 
it  is  evident  in  this  case,  the  hetai  oi^t  to-be  put  to  starboaid  ;  wUeh,  en  the  contiary, 
wouM  be  put  te  hiboard.  If  the  Aip  were  to  be  cart  to  port. 
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.  If"  ttic  ilnp/aRer  Ibc  anchor  is  out  of  the  grouuJ,  goes  a?fcm  fasfcF  iL.m  tlic  tiOrtnt 
rnnif  the  helm  miiFt  then  be  used  as  if  there  was  no  current,  because  theexccM  of 
locity,  whereby  the  ship  exceeds  that  of  th^  water,  acts  upon  the  laiddcr. 
If  it  blows  fresh,  wo  ttiatyou  cannot  set  your  topsails  witliuut  rctfin^;  them,  let  tlfiil 
done  before  they  are  sherted  home  ;  and  if  it  blows  *o  Ir.inl  as  to  be  obliged  to  gt> 
only  under  a  foresail,  it  would  then  be  suf&cient  4o  lou5cn  the  fore-topsail,  without 
.theeting  it  borne,  afterhavhif  Imeed  it  quite  eloae  on  the  side  opi^osHe  to  that  yen  want 
the  ship  to  cast,  not  forj^'lting  howt  vcr  to  put  the  bclm  the  sainn  way  as  yon  cast,  as 
ppOn  as  you  perceive  the  ship  going  astern :  and  when  the  ship  has  fallen  off  sutlicieDtly^ 
then  is  the  time  to  fill  and  trim  the  foresail.  ' 

To  get  imder  mBL  wAen  lAe  i ii  nDiiiptt?  teUh  her  head  to  the  enrmif,  miiT  lailh  fl^ 

^  windapeintobtfftihtbianu 

Heave  short  on  your  anchor  till  it  U  a-pcck  ;  next  to  Ibi'*  loosen,  sheet  home,  and 
hoist  the  forccail  and  inizdh-top&ail,  keeping  the  wind  in,  and  heave  vigorouelj  at  the 
capstan,  till  the  anchor  is  a-#eigh.  At  the  same  time  bobt  the  jtb  and  foil  topnubrt  itay- 
hail,^or  haul  out  the  nyzcn,  accordhlg  circumstances  may  reqtiirc.  Whether  you 
wish*  to  come  to  windward,  or  fall  on  mbre  quickly,  you  must  still  continue  to  hearc 
round  the  capstan  briskly,  to  get  the  anchor  up,  till  you  ilnd  yourself  sufficiently  ofl*- 
wArd  to  bring  to,  in  order  to  stow  it  with  ease,  or  to  stand  on  under  an  easy  sail  with 
the  anchor  hanging:  out  to  windward,  if  the  situation  of  things  will  admit  of  iL  You 
may  sometimes  also  hoist  up  both  the  main  and  furc-topsoib,  as  soon  as  you  get  ready ; 
hat  in  eertidn  eases,  as  when  obliged  to  make  the  best  of  your  way  mm  an  enemy, 
every  sail  possible  mu<t  be  Fct  nt  once  whirh  the  weather  will  admit  of,  especially  when 
oblkped  to  haul  by  the  wind  ;  in  which  casCi  the  anchor  must  he  got  up  and  catted  as 
vdilTia  it  can ;  there  are  cases  even  when,  Without  losing  your  time  in  weighing  it,  you 
cvQirfdtsmany  sails  aa  yoa  possiblj  can,  and  depart,  in  eoUSng  or  fUnrfqg  the  cable. 

To  get  under  taU  ttUh  a  itpring. 
If  a  ship  be  in  a  place  too  confined  to  east  iinder  her  sails  only,  orWin^  nbliorcd  to 
tiut  to  sea  in  a  gale  of  n  ind,  without  hoisting  tiie  anchors,  you  must,  for  greater  safety, 
in  caatitag  the  nght  way,  get  a  spring  out,  to  be  clapped  on  the  cable  bf  which  tfm  liAp 
^wingJ!^,  by  wing  a  hawser  or  a  stream  cable  through  the  aftermost  port,  on  the  oppo- 
silc  side  to  that  you  mean  to  eaat ;  and  aAer  that  spring  is  well  hove  tight  at  the  cap- 
sUd,  bout  the  jib  and  fore-topraast-etaysail,  loose  and  sheet  home  the  fore*topsaiI ; 
when  that  is  done,  and  if  the  weather  permits,-  brace  quite  close  tie  head  sails,  on  the 
satne  side  with  the  spring.  AVhcn  this  is  executed,  plip  or  cut  the  cable,  heaving  briskly 
at  the  same  time  on  the  spring,  till  the  ship  has  paid  otf  sufficiently.  Then  fill  the  sails, 
fagr  idting  the  ndaen-topnil  and  ercry  other  ai^  yoa  mean  to  employ,  and  wrip  or  cut 
the  .spring,  a«  circumstances  may  require.  Care  mu«t  be  talcL-n,  not  to  let  the  ship  fall 
ofl'  too  much,  before  .the  spring  is  cut ;  because,  having  no  way  through  the  water,  she 
will  not  come  to  the  wind  so  soon  aa  might  be  wliltoS ;  and  ft»r  the  same  reason  tha 
spring  mu.it  not  be  cut,  till  ahc  has  faUenoffas  nunAa^  is  necessary  ;  because,  althou^ 
she  has  no  other  motion  but  that  of  falling  off,  the  vesael  might  pertiaps  aot  wear  enough 
tp  answer  the  purpose. 

*        To  get  uaicr «aff       a  leading  tom(f,  in  a  ftile  ts^> 

If  the  drip  toba  got  nnder  sail  has  a  leading  wind,  and  is  in  Uie  midst  of  vessclt,  or 

in  a  narrow  channel,  where  it  would  be  difficult  to  cast  her  upon  tin  lec-tide.,  she  should 
be*  got  under  sail  before  the  weather-tide  is  done.  Ihus,  the  casting  of  the  sh^  wouhi 
ha  avoided,  and  she  may  be  steered  through  the  fleet  or  channel  with  safety. 

Should  it,  however,  blow  bo  (Iresh  upon  the  windwwd-tide  as  to  force  the  ship  end 
on  with  her  cable,  it  will  be  impossible  to  heave  it  in,  without  .sheering  the  ship  ovcf 
from  side  to  side,  and  heaving  in  hriskly  as  the  shin  slacks  the  cable ;  but  aa  this  is  al< 
tended  wMh  nmeh  danger,  by  the  sl)ip  suddenly  bnnging  up  upon  cadi  shear.  It  will  be 
best  to  heave  a-pceh  tipon  the  first  settfaigof  tha  wjMwaid  tida^  before  tiha  iimiBi 
tq3>riog  the  wind  abat\. 

^     To  cast  a  ship  upon  the  larboard  tack,  and  bark  her  astern  of  tlanger. 

Wa  euppoae  the  ship  to  lie  at  single  anchor,  with  the  wind  and  tide  the  same  way, 
and  ships  or  shoals  right  astern,  in  the  intended  cour.se,  and  that  to  dear  them,  you 
must  cast  upon  the  larboard  tack,  and  make  a  stem  board. 

Make  every  thing  as  ready  as  possible  before  weighing :  let  the  three  topsails  be  hoist- 
ed, the  yards  braeed  up  stop  with  the  taihoaid  braces,  and  the  mizen  hanled  oaL 
Thm]  .situated,  when  the  anchor  weighs,  put  the  helm  a-port-  Tlie  ti  le,  ntniiinp;  aft, 
acts  upon  the  startward  side  of  the  rudder  ;  and  in  that  direction  it  will  cast  the  ship 
tha  rigBt  way,  and  briaf  the  wind  opon  Che  laihoard  bow.  The  wind  being  on  the  lar- 
board bow,  and  the  topsails  a-back,  will  soon  give  the  ship  stern-way  through  the  water  ; 
than  the  water  wHl  act  asainat  the  larboard  side  of  the  rudder,  and  powerfully  prevent 
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the'iliip'fiJRnf  tooi)ul0ff  lh»ii«  wioA.  Ttenshe  wil4fif«tili  fte  aaehorisgp* 

quite  up,  anil  mny  T  c     contiiHwdtill  dM  Itu  pwl  fbib  ahmb  and  bat  room  to  TMTt  4id 

£et  apon  her  proper  courttc. 

It  b  advantageous  to  make  a  fttern-board  iu  getting  under  way  from  a  singfc  anchor 
in  the  abo\c  situation.  The  anchor  heaves  up  more  « asUy  when  the  ship  ^oes  a-sten  ; 
and  while  heavmjc  up  it  ser\o.s  to  ktf  p  tli*-  ^hlp's  head  to  tUf  A  "^liip,  however, 

cannot  long  be  ateered  stern  foremost  when  under  sait,  so  as  to  keep  the  wind  before  the 
learn  ;  but  the  will  la's ttttle  time  drive  broadside  througb  tbe  wmtertill  she  fets  head- 
mjy  and  then  it  ia  pro|ier  to  mtt$  provided  tbe  anchor  be  qnite  up. 

To  cut.o  iJUyi  en  ^'lmAom4  lack,  in  a  tide'Vug,  milk  the  wind  two  pcMs  en  tkt 

starbcatil  boir>. 

A  ship,  riding  in  a  tide-waj,  with  the  wind  ti%-o  points  on  the  starboard  bovr,  and  ao 
near  tbe  ahore  on  tbe  larboftrd  side,  tbat  tbe  must  be  vast  upon  tbe  lariHNod  ta^  to 
clear  the  shore,  the  three  top!»aihf  must  hi-  hoi>^tcd,  nnd  the  yards  ^llarp  bnead  up,  with 
thn  fauboard  braces  t'onvard,  and  the  starboard  braces  stU,  with  the  starboard  foretop 
bowline  well  Inmled,  patting  tbe  hefan  hard  to  port  at  tbe  anchor's  are%lung  ;  tba  tide 
octing  upon  the  rtiddcr,  and  the  twnd  upon  the  sniU  braced  in  that  direction,  brings  the 
fhip  about  with  the  wnul  on  the  larboard  Uo\\ ,  before  she  ^ct^  stern-way.  which  should 
be  always)  strictly  noticed  ;  for  in  ail  proceedings  of  this  kind,  if  a  ship  gets  stern-way 
before  she  brings  (be  wind  right  ahead,  she  will  not  come  about  the  right  way.  In  tfatt 
ease,  it  b  best  to  veer  away  the  cable  directly,  and  brin;:;  thr  -hiji  up  nrniti  :  and  carqr 
out  a  hedge  or  small  anchor  on  the  larboard  bow,  hauling  its  cable  or  hawser  iu  tight  on 
the  hrboaid  quarter,  when  tb«  bower  anchor  b  Mpech.  If  tbia  Ihil,  the  ship  aniat  Ha 
till  the  windward  tide  makes,  to  brin;;  the  wind  on  the  larboard  bow,  when  the  afalpailiy 
be  got  under  way,  and  dear  the  shore. 

To  cast  a  tkip  upon  the  larboard  tack  in  a  lee-Hue^  ana  $hoot  ktr  bif  the  wiad  a-htad 

of  danger. 

If  there  be  just  room  enough  to  go  close  by  ttic  wind  to  clear  a  danger  lying  to  Ice- 
-ward,  much  depends  on  heaving  up  briskly  thu  anchor  after  it  is  out  of  tbe  ground,  and 
having  proper  sails  ready  to  set  to  tiic  bt  Nt  advantan:e.  The  three  topsails  must  be 
hoisted,  and  the  yards  sharp  braced  up,  v.  ith  the  larboard  braces  forward  and  the  star- 
1»oard  braees  aft,  when  tbe  anchor  is  at  a  long  peek.  At  weighui^  tbe  anchor,  put  tim 
helm  hard  to  port,  then  the  action  of  the  tide  upon  the  rudder,  and  the  \vind  on  the  fore- 
topsail,  will  cast  the  ship  od'  the  right  way,  so  as  to  fill  the  aftcr«saiU,  vrhen  the  fore* 
topsail  may  be  soon  braced  about  at^d  lilted  befors  she  get*  •teraway.  The  bclm  will 
keep  the  ship  under  command  suCTiciently  to  steer  her  by  the  wind  ahead  clear  of  danger  ; 
but  if  the  ship  i^et"*  -tern-way  in  cantinp;,  the  liclni  "hould  be  kept  hard  a-weather,  to  prr- 
vent  her  falling  oil"  too  nr.uch  from  the  wind  ;  and  when  she  gets  headway  again,  be 
•  enotiodaboif  the  weather-helm  is  eased  with  the  anchor  much  below  the  bows,  whfrb 
ihc  r«!sistance  forward  is  increase*!,  and  the  ship  may  be  broiii^fit  v\>  in  tli'-  wind,  so  r.s 
to  prevcBt  her  shooting  clear  of  the  danger.  This  nuurt  be  guarded  against  by  tlie 
weatfier^helm  and  bead  saUs,  as  fore*tDpmast-Btay  saO,  Itc.  As  soon  as  the  sbfp 
has  shot  far  enough  a-head  to  clear  the  dan<:cr  to  leeward,  nnd  there  being  but  little 
room  a-hcad,  it  is  best  to  bring  the  ship  to,  and  dri>c  with  the  helm  a-lee,  with  the  main 
and  mi^cu-topsail  a-back,  anu.the  fore>top»ail  sfatvcring  till  the  anchor  i»  up;  then  take 
proper  time  to  veer. 

To  cast  en  Ih  Imhotrd  tack,  when  ruftn/r  fiJh  the  irivd  right  e-Acod,  and  to  veer  her  §kort 

rcu  uf  before  Ih:  icind  in  little  room. 

The  liend  sails  should  only  be.  loo5e,  viz.  the  fore-topsail  hoi^t^^d  and  the  foro-  nil  loOfC^ 
brace  sharp  up  the  'larboard  braces,  the  jib  and  the  fore-topniast-staysaiJ  set,  with  the 
larboard  sheets  flat  aft.  When  the  anchor  is  a-peek  and  a  lee-tide  runni^  at  weighing 
the  anchor,  the  hcira  should  be  put  to  port  so  far  as.  to  brin^  the  wind  two  points  on  tho 
larboartl-bow,  which  should  be  kept  so  by  steering  the  hhip  till  the  tide  ceases  to  run  afl. 
Then  put  the  helm  hard  to  starboard,  or  a-lec  ;  and  when  the  ship  gets  slern-woy,  the 
water  will  act  powerfully  on  tho  <*tarboard,  or  lec-side  of  the  rudder,  tnrnini;  the  ahip^s 
!»fern  to  windward,  whilst  tht;  wind,  acting  at  tbe  »zmc  time  upoti  ti  c  head  sails  a-back, 
\s^A  box  her  round  ufl'  upon  her  heel,  so  as  to  bring  the  wind  nearly  utt  by  the  time  she 
loses  stem-Way.  ben  Uie  ship  will  cease  fUling  of^  and  soon  get  head*way,  whfcA 
sbouM  be  attended  to,  and  tlic  head  tails  braced  about  flat  wilh  ne  sta&board  braeca, 
and  the  helm  shifted  jiard  to  port  at  the  soiiic  time. 

When  there  is  no  tide,  bat  still  water,  at  weighing  the  anchor,  the  helm  mvst  be  bard 
to  starboard  ;  and,  ns  the  .ship  gets  stern-way,  the  water  meets  witli  so  much  resistance 
o^nist  tho  starboard  side  of  the  rudder  in  that  direction,  that  the  rudder  acts  with 
^eat  power  to  turn  the  ship^s  stern  round  to  port,  and  tlte  hea^  saUs  being  set  and 
trimmed  aa  betbre  mentioned,  and  tbe  foresail  let  fall  with  tbe  stafboard  bowline  bKnIed 
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clOM  fonrarJ,  will  assist  to  cost  the  ship  «o  far  round  the  rigbt  way,  by  tbc  same  thne 
alie  loses  her  stern-way.  as  then  lo  permit  joiir  proceeding  as.  before  directed.  To  iji- 
sure  auccess,  heave  the  anchor  up  briskly,    rhe  aftOM  methods  ire  te  CMting 

the  flhip  on  tlie  alaiboard^taek,  ooly  the  hekn  andaaile  ue  naoagftA  th«  coalniy  way. 

7^  taek  •  ihSp  in  getting  la  toindttofi  «f  nmeh  ocjMMiWi; 

To  execute  (hb  with  ftvpik^t  ewe  mw^i  he  taken  that  the  ohip  don*  not  yiWt  that 
she  is  not  too  near  oir  loo  &r  mm  the  wiodi  becattae  both  aitiiationi  aie  oqaaily  in- 
judicial. 

When  this  medhim  ia  obtained,  haul  die  mizen  out,  while  you  |Nit  at  the  aaiDa  tima 

the  helm  ii-U-<*,  hnuc  the  sail  to  w'nul  anl,  in  order  that  it  may  be  much  as  possible 
exposed  to  the  wind,  hen  the  ship  is  come  tu  the  wiud,  so  aa  to  cause  the  aquare 
faili  tu  iiht>c;,  let  go  Uie  jib,  »nd  all  the  stayaail  sheeU  before  the  nalnraaat  At  die 
moment  when  all  the  saila  catch  u-back,  and  particularly  the  mizen-top.«ail,  Irt  it  be 
F)raccd  sharp  about  the  other  way,  haulin'^  up  at  the  snmn  time  the  wcatlur-rlcw  of  the 
mainsail;  and  when  the  wind  is  right  a-head,  or  even  a  tittle  before,  haul  tlx.-  mainsail, 
and  trim  sharp  ftfr4he  other  tack  as  (hst  as  possible.  The  JH>  and  staysail'  sheets  are 
also  to  be  shitted  over,  at  the  same  tinif  rl-^hting  the  helm,  whetlirr  the  <^h\p  has  lost 
her  way,  or  even  stilt  advances  a-hend.  i  hen  a»  soon  as  she  has  passed  the  direction 
of  the  irind  about  4i^^  in  continuing  her  cvoVition,  nhift  the  foremast's  tafls,  vhidi  are 
to  be  trimmed  with  celerity,  at  the  samctim<  puttii!?;  the  hehn  a-lee,  if  you  fear  the  s^hip 
(which  miist  still  go  a-stern  if  the  operation  li<  >loulv  executed)  will  not  fall  oil  sulTi- 
ciently ;  fur,  if  the  sails  are  braced  about  briAkly,  she  will  never  have  stem-way ;  on 
^  contrary,  she  win  get  a  great  dtal  to  windwhrd. 

T»taeku»hipvdtkoiU  endemnaringtQ  gettovdniu^a^ 

There  are  circnmntances  sometimes  when*  it  is  found  necessary  to  tack,  without  camm; 

much  whether  the  ^bip  loses  to  windward  or  not.  For  cxan»ple  :  when  a  ship  i'*  found 
auddenly  to  be  close  to  the  land,  in  the  night,  ur  in  foggy  weather,  near  a  danger  or  6<Hnc 
irastel,  which  must  instantly  be  avoided  by  staying  the  ship,  because  you  find  yourself 
to  windward,  and  too  neat  the  object  fh>m  .<vhich  you  wish  te  recede  :  in  this  case,  when 
it  is  necessary  to  deaden  the  ship's  way,  imd  tack  at  the  «ame  time,  you  mu*t  suddenly 
put  the  helm  hard  a-lee,  and  in  the  amc  iii^tant,  let  go  the  jib,  fore,  and  .staj-^ail  sheets, 
without  touching  tiie  bowlines  ;  and  great  care  mu.it  be  taken  that  the  effect  of  the 
mizen  h  to  be  preserved  as  mneh  n««  posi^ible.  When  the  sads  bc]2in  to  shiver,  the  mizcii 
is  hauled  quite  tu  windward ;  then,  if  the  abip  takes  well  the  wind  a  head,  the  remainder  of 
the  operation  must  be  eiecuted  as  directed  m  the  preceding  case ;  but,  If  you  should^nlss 
slays,  you  must  proceed  according  to  the  second  method  of  veerh^  called  boi-banlhjg:. 

Totack  9  tkip  in  •  dan^rffoicrnrngA sea,  when  Asr  jfaynf  isisal^^ 

Let  every  thin^  be  got  clear  and  ready  ,  the  hands  at  their  proper  stations  the  Kul"* 
trimmed  fair,  and  the  ship  steered  Jii-t  full,  ind  clo?e  by  the  wifid.  Take  the  adT'^?Tita2;c 
of  the  smoothest  time,  wheu  the  .ohip  has  the  mo.<t  head-way.  The  other  necessary  pre- 
cautions arc,  to  hauPdown  the  jili,  if  •^et,  and  not  to  put  the  helm  a-lee  all  at  onee,  but  to 
lulF  the  ship  up  by  de^ee-',  to  sh  ike  tlie  siaih.  Wheu  they  -shake,  give  these  orders  :  the 
helm  hard  a-lee !  iei  go  the  tec  sheets  forward,  but  not  the^Ve  braces  and  fore-top  bowUne^ 
as  that  usuahpractice  backs  the  head  sails  too  soon,  and  stop<^  the  ohip's  head-way,  which 
ought  to  continiK  ;?ivc  power  tu  the  helm,  till  the  wind  is  brought  a-head,  or  the  ship 
will  not  stay.  Kaisc  taeksand  sheets  and  mninsail  haul,  when  the  wind  i»  a  point  on  the 
Weathei^bow i  this  swings  the  yard.n  round  ^harp,  that  the  nisin-t^'^k  may  be  got  close 
down,  whilst  the  head  sails  becalm  tlie  fore-leceh  of  the  main  and  main-topsails  ;  while 
the  wind,  blowin:;  a^bnJ  on  ibe  ifter-leeeh  of  tliese  -ails,  nets  jointly  with  the  rudder  to 
turn  the  ship's  stern,  su  as  to  bring  her  about  Uie  right  way.  When  she  has  (alien  off 
five  or  six  points,  let  go  and  haul. 

When  a  f^hip  eoiaes  about,  she  is  mrc  to  have  stern-way  by  the  time  the  head  aiib  are 
hauled,  therefore  the  helm  should  not  then  he  shiltetl  a-lee.  Hut  should  l>c  kept  hard 
acweatber,  tW  her  stem-way  ceases.  The  water,  acting  upon  the  w  eather  side  of  the  rud- 
der, prevents  the  ship  ArfUag  anmod  olf  from  the  wind,  which  the  helm,  when  hard  ft-lce, 
occasion?,  while  the  -lern-way  continues.  Notice  ^bouM  he  made  by  the  compass,  tbaf 
the  ship  continues  cunuag  about  till  the  wind  is  on  the  oUier  bow  ,  for  if  she  «tops  with 
the  wind  a»head,  and  her  head-way  is  pfreeived'to  he  done,  the  hehn  shooUi  be  directly 
shlAed  to  the  other  side  so  that,  by  the  "t^rn-way,  the  water  may  act  upon  t!ie  nulder 
and  bring  her  about,  and  then  the  helm  sho-dd  not  be  kept  a-lee,  but  directly  shiftetl 
and  kept  hard  a-weather  till  her  stern-  way  ceases.  For  the  reason  just  given,  the  head 
sails  may  be  hauled  as  soon  as  possible ;  for,  the  ship  will  be  sure  to  fall  off  the  faster 
and  Autherin  proportion  to  her  stern-way;  so  that  the  wenlher-brnres  should  Ik*  tended 
to  prevent  the  head  yards  flyin§  fore  and  aft,  as  they  will  do  when  it  blows  fresh  ;  and 
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to  tetp  the  head  sails  shivprin^,  that  the  fore-tack  may  pot  c  lo -c  doTrn  nsilv,  ari 
the  ship  stopped  tJae  sooner  (torn  failing  o£  Stud  the  helm  a- lee  when  the  stera'Wty 
€itm^  mad  the  bead  nib  my  be  trirowl  Attpw  tbaahip  i*  perwiwd  to  we  to* 

Oi  iMni^  to  vMmard  In  rrryvumio  cAwiitfa. 

At  weisbiii*,  if  the  wind  is  partly  ecron  the  tide,  it  wiH  ceaC  tbe  ibip  with  ber  bead 

(owanL<«  thr  weatbt  r-shorc,  which  >be  maj  be  kept  cirur  of,  by  drivifig  with  her  sails 
a^back  tili  the  anchor  is  up  and  stowed  ;  and,  aii  the  tark  to^^ards  the  neatber-shore  is 
(he  sbortesti  it  is  prudent  to  back  a.s  near  the  lee  ^uic  as  possible,  in  order  to  make  the 
fint  beard  tbe  Umger  ;  tOf[et  the  tbret^  top-sails,  jib,  9tay-sail,  and  roixen,  pToper^aet; 
and  to  pet  all  rraify  in  timi  for  tackiTi::.  Make  as  bold  as  i>0!wible  with  the  weather 
ahore,  because  on  that  side  a  bbip  is  always  surest  io  coiaiag  about :  and  in  case  of 
wumim  elaja,  •  lAi^  may  be  backed  off  ftmia  the  weather>ibere,  tB(  me  has  toem  to 
tt  ana  iet  thBMils»andget  nutFif  i(  tit  hrn(!-w|^  tetr^-  her  in  xtny^  a^in  w  ithout  dnngcr. 
Baft  when  the  ship  is  got  about,  and  standing  towards  the  lee^ahore,  it  may  be  necessary 
to  pot  ber  in  st'tys  in  good  tine,  because  she  doea  net  so  certainly  stay  when  going 
flaiititig  with  the  tide,  as  when  going  »( ro-<<  it. 

ny  sl.ivin;;  h»T  thus  in  good  time,  if  she  c%en  nu^•s  stnys,  there  roay  l»e  room  enough 
to  hil  and  try  htr  the  seeond  time,  or  to  use  surb  means  a»  may  prevent  her  going  uu 
shore. 

But.  when  the  uin<i  i-  right  H;:niii.»t  ihv  {'i  lv.  uhich  begins  to  make  to  windward,  be 
cautious  Qoi  to  weigh  the  anchor  till  the  ship  swings  end<on  to  the  tide,  and  brings  tho 
wind  oofiur  aft,  that  ahe  may  be  steered  rif^t  againat  tbe  tide,  tiH  ibe  andior  ii  op  and 
.•■towed,  and  the  sailn  with  which  the  ship  i-  to  work  »rc  all  n  adv. 

liauJ  the  wind  and  get  ready  for  tacking,  when  you  are  close  o\^r  to  one  side,  to  gain 
tbe  whole  breadth  of  the  channel  for  getting  under  xvij.  For  this  purpose  let  the  firat 
trip  be  made  as  shOft  as  po^dhle,  till  it  is  found  how  the  ship  wnha  upon  bath  (aclB;  * 
and  then  make  longer  or  shorter  hoari!*  ai  (•ortlin;;ly.  but  take  rare  not,  to  ^tand  into  an 
eddy  tide  on  either  side,  which  has  oiXeo  occasioned  ships  to  miss  stays  and  go  oaaboic. 
If  «  ahip  wfll  not  at^,  ^  OMiat  be  veered,  bex-banled  or  club-bauled. 

TV  ewr  e  tJkqi  wilAMit  losbtg  ike  ufM  mA^fhtr  uih. 

To  csacate  this  eTolutionboth  the  main  sail  and  mizrn  raust  be  hauled  up,  the  helm  put 
a» weather,  and  the  mi/m-topsail  a  ^hi^erin5,  which  wUI  kept  so  till  the  wind  be  right 
ail,  suppressing  for  that  purpose  tbe  eflect  of  ail  the  staysaiis  abaft  the  centre  of  gravity  . 
Aathe  atdp  U&  (riF.  (wbieb  she  will  do  very  rapidly)  roimd4n  the  weatber'bneea  of  oe 
sails  on  the  fore  and  niaijitn;ist,  keeping;  them  cxact^  trimmed  to  tlic  din  <  tion  of  tbr  wind, 
and  remembering  also  that  the  bowlines  iire  not  to  be  started  tili  the  ship  bquns  to  veer. 
As  she  faHs  off,  ease  away  the  fore-sheet,  raise  the  Ibre-tack,  and  get  all  Utf  weather* 
sbect,  as  the  leeHWO  is  eased  ofi',  so  that  when  the  »hi|i  is  right  be  fore  the  wind,  tbe  yards 
V.  tl\  be  exrtctly  sqMnre.  'I  ben  shift  o\cr  the  jib  and  •^tayi>ad-^heel!^ ;  and  the  «liip  continu- 
ifjg  ber  evohilion,  haul  on  board  the  fore  and  main  tacks,  and  trim  all  shaq>  lore  and  ullt, 
lamemharipf  toliaui  ait  the  mizen  and  mizen-staysail  sheets  as  soon  as  they  will  take  the 
right  way,  or  nhcn  the  ship':*  stem  has  a  little  passed  Uit  direction  of  the  uind.  NXTicn 
the  wind  is  on  the  beam,  right  the  helm  to  moderate  the  great  velocity  w  ith  which  the 
■hipcoineato;  tbe  aaila  being  trimmedt  stud  da  by  the  wind. 

1%  OMT  «       Iftof  Aet  M  kerjbntnut. 

Raa  out  the  end  oT  a  cable  or  bawaer  ever  tbe  lee-^uarter,  and  buoy  it  up  firom  die 
ground  with  empty  casks,  &.c.  in  ease  of  coming  into  shoal  «  atcr  with  little  wind.  TIda 
itHI  nssist  the  helm  w  ith  such  power,  as  to  mukc  the  ship  \teran<:  »tcor  at  pleasure. 

A  spare  yard  or  boom,  rij^d  out  abaft  the  Inizen  shrouds,  may  ^ly  tbe  end  of  the 
cable  or  hawser  more  or  less  on  either  garter,  according  U'^  Uu  >\n[)  n  i\  have  occaaion 
to  sail.  It  may  be  easily  shifted  from  side  to  side,  and  ;;uyt  (l  out  (o  l»  cu  ard  in  propor- 
tian  to  the  ship's  griping  to  answer  sailing  upon  both  tacks  ;  and,  when  sailing  before 
tbe  wind,  it  may  be  secured  over  tbe  middle  of  tbe  stem,  which  will  |irevent  tlie  ship's 
broaching  to  apiin«t  the  h<  hn  rithcr  v.ny.  > 

l*bt8  would  likewise  much  as&ist  deep  laden  bad*eteering  ships,  9nd  prevent  their 
bronebing  to,  to  which  they  are  liable,  in  spite  of  6ie  best  bcfansmen,  often  oecaaionbtg 
Acm  to  Be  to  even  with  a  fair  wind.  With  a  little  eonlrivancc  by  blocks  lashed  to  the 
raOs  on  the  quarters,  to  lead  the  ^^lys  fair  to  tlto  steering  wheel  barrel,  it  may  be  made 
to  steer  a  ship  that  has  \utd  \u  t  i  liUU  r. 

To  vur  triuu  Ijitnz-tn  toidrr  a  mainsaiL' 

Advantage  must  be  taken  of  the  sbi|>'s  luHiug  ofl  to  put  the  befm  a  weather,  and  ease  . 
a»aj  the  main-aheet  roimdty  *,  and,  when  the  »hip  has  fallen  oil'  about  50  \  let  '^o  tb( 
«iiii-boiniae,  and  Mund  in  the  weather  braee,  taking  care  to  keep  the  «aU  fidL  ben 
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ilie  ship  is  Ucl'orc  th»  iviad,  get  od  board  the  maiu-tack,  AOtl  ri§Ul  the  helm  lo  iuodef 
ate  hat  eoma^  to.  * 

If,  in  the  iHpp.nin^,  (Le  ship  is  found  diflicult  (o  veer,  the  fore  stay-snU  nmy  be  holHted, 
and  the  shceb  tiauled  well  aft  j  butit  u  to  be  hauled  down  as  aooo  as  the  ship  is  belbre 
the  wia4.  * 

Jl  second  method. '  * 

Make  fast  a  four  inch  rope  to  the  strings  of  the  main  yard ;  and  when  the  ship  cotueji*^ 
t»f  to  as  to  shiver  tiic  main  sail,  briitg  it  down  before  the  sail  lo  the  topsail  sheet  bttte» 
and  let  it  he  haulrd  tiglit  un<l  ht!a\(  d.  Then,  as  soon  ns  she  falls  oti,  put  the  helm  a- 
wenther,  and  let  go  the  main  sbecU  By  these  means,  the  lee  p^rt  of  the  bail  no  longer 
baa  any  power  to  keep  the  ship  to  Hie  wind,  and  the  weathmr  part,  acting  beftnrt  tha- 
centrc  of  gravityi  Kill  cnnse  her  to  veer  faster  tliao  bf  the  mi  method ;  thtfi^  in 
general  the  Ant  inethod  will  answer  the  puipu>4c. 

To  vcrr  tiiider  bare  p"les. 

The  fore-staysail  must,  if  ciicumstanccs  will  allow  it,  be  hoisted.  But  if  that  cannot 
be  done,  the  bead  yardji  are  to  Ite  braced  up  ns  sharp  as  possible,  and  those  abaft  pointed 
to  the  wind.  Then,  if  the  abip  v<  cr  ,  ^^lic  will  steer  under  the  masts  and  ropes  only. 
A  number  of  somen  ^ent  tip  .un)  p!  u  rd  close  to  aaeh  Other  in  the  weather  fore-shrouda  ^ 

will  be  found  also  of  very  great  s<  j  \ii  « .  * 

To  boz'hmd  a  skip,  or  the  second  method  of  reerinff. 

Ill  this  evolution  the  most  rapid  execution  is  necessary.  Brifikly,  and  at  the  Mante  in* 
atant,  haul  up  bott  #io  mainsail  Aa  the  mlsen  ;  ebirar  tha  main  and  raiaen  topeaib ; 

put  the  helm  hard  a-lcc  ;  raise  the  fnrc  tack;  kt  the  head  bowlines,  and  brace  rJ>oiit 
,  the  head  yards  sharp  the  other  way  ;  and  let  the  jib  and  staysail  sheets  go  in  the  same 
instant  When  the  ship  has  fallen  off  90^,  brace  the  after  yards  8(piare  in  ordev  to 
give  the  :i  little  way,  and  to  help  her  (with  the  rudder,  the  situation  of  whicli  must 
be  changed)  to  ditiil>k'  the  point  whi  n  all  the  (-ail?  shitcr  ;  and  when  the  wind  isaft,  you 
will  proceed     in  the  method  of  '  veering  without  loainjif  the  wind  out  of  the  sails." 

If  the  eirrular  motion  of  tlie  ship,  after  she  has  fallen  clT  9(r-  contbiues  prettr  rapid,, 
the  fdling  of  the  after  sails,  to  give  the  »bip  henduny  may  l>e  dispensed  with  ;  nccau-* 
she  coatinues  to  turn  by  the  effect  of  her  helm,  which  must  not  be  bhiftod,  since  the 
veaeal  atVI  continues  her  stem-way.  Therefore,  afterhaving  \cered  albw  de|prees  iMnev 
the  wind  will  fill  all  her  sails,  and  the  ship  cuust  quenlly  will  have  head  waj.  Tlien 
change  the  situation  of  the  rudder  to  bring  her  before  the  wind. 

In  a  ease  of  absolute  danger,  ivben  tt  might  be  necessary  to  go  a-stern  and  fall  ofTnion; 
rapidly,  put  the  helm  a-lce,  brace  all  tha  saib  a-baeic,  and  observing  not  to  brace  the  after 
sails  m on- than  square,  that  they  may  not  counteract  the  head  sails,  which  arc  hrate«l 
sharp  a-bHck  to  pay  the  ship's  head  olT;  because  the  eil'cct  of  the  after  saiU,  in  this 
ntuation,  is  to  impel  the  ship  abaft  In  the  direction  of  her  keel,  wUdi,  with  those  for- 
ward, contrilnite  to  {rive  her  fresh  stern-way,  in  order  to  i  aiisc  the  ship  to  veer  with 
greater  celerity.  'I  he  jib  and  fore- to  pma5t -staysail  sheets  beioghauled  over  to  wind^vard, 
win  aoist  the  ship  in  falling  oflf  and  going  astern. 

Box-hauling  h  deemed  the  surest  and  readiest  way  to  get  a  ship  under  command  et 
the  helm  and  saih,  n  ith  the  h  ast  loss  of  ground  to  leeward,  when  a  ?>hip  refuses  stay*. 
The  masters  of  sloop  ngged  vessels,  turning  to  t^iudward  in  narrow  cbamicls,  w  hen  thcj 
want  bat  little  to  weather  a  certain  point  run  up4n  the  wind  till  the  head-way  ceases, 
then  they  fill  again  upon  the  s;inv'  tnck  ,  this  they  call  making  a  half-lunrd.  Thus 
ship  in  box-hauling  may  be  said  to  make  two  hall-boards,  first  running  n  ith  her  h^, 
ttmn  with  Imr  ateru,  up^hi  the  wind ;  by  wUili  two  motions  a  ship  rathi  r  ^aiusto  wind- 
waid. 

Te  M'kmd  a  $bip. 

Club-bauling  Ls  practised  when -it  is  expected  that  a  slJp  will  refuse  stays  upon  a  h  e- 
shore:  place  the  hands  lo  their  stations  for  p^itliiij:  the  t>hip  ubeut,  and  some  by  the  h  e 
anchor;  then  put  the  helm  down,  and  it  the  bhip  make  a  stand  before  she  brings  the 
wind  a>bead,  let  go  the  anchor  and  haul  the  mahuail.  When  the  wind  is  a-hcad,  cut 

the  cable,  and  the  ship  will  cast  tiw  way  requiied.  The  after  aalb  being  full*  let  go  and 

hauh 

.hiolher  Kutltod. 

Bend  a  haivser  to  tlto  Itcdgc-anchor  on  the  lee-bow,  and  bring  the  cud  into  one  of  the 
after  ports,  or  oter  the  taifiurel.  X«t  go  the  anchor,  brace  up  all  ahaiy  the  contrary  w  ay, 
put  the  he  lm  u-tce,  n;id  haul  in  briskly  on  the  hawser.  As  soon  as  the  sbipifeia  beadp 
cut  or  slip  the  hawAr,  and  carry  a  ^less  of  sail. . 
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To  IM»  to  «Mw^V  «  «^»f  M  « iM<  to  dri/l  nMr 

The  main-topsail  must  be  braced  sharp  a^back  ;  keeping  the  fore  and  mlzen  topsaib 
full ;  because  the  wind  acts  with  a  veij  small  sine  of  incidence  on  a  sail  when  full,  in 
comfuwom  to  what  it  doea  wImv  braced  sharp  a-back  ;  so  that  the  fore-topsail,  being 
l  ull,  draws  the  ship  a  head,  and  the  effect  of  falliQg  off  b  opposed  by  the  main  aod  mizen- 

topsaib.  She  will  of  cour-'*'  not  fall  off  much  ;  nor  will  her  lee  way  be  very  coBSidan- 
ble  i  for  the  ship  is  well  kept  to  the  wind  by  the  di^po.sition  given  to  her  sails. 

To  lie-to  under  the  lee  of  anvlfivr  skip. 

The  fore  topsail  ought  tu  be  braced  sharp  a-back,  the  main  and  mizen  topiaib  kept  fuU^ 
because  theae  two  last  mentioned  sails  tend  to  give  the  ship  head*way,  and  keep  her  to 
the  wind;  they  maybe  a-ssisted  by  the  mizen.  wliith  will  opjtosf  the  Hilling  off  occa- 
sioned by  the  fore-topsail.  Thus,  should  the  ship  to  windward  fail  off  violently,  or 
drift  too  anich,  yoQ  are  mora  raady  to  veer  abort  round,  and  avoid  being  boinled ;  ba- 
cau><e  tbr  fort'-topsail  lK.'in;;  brarod  !5harp  a  back,  the  im,>al!ie  of  the  wind  on  it  is  mu^ 
greater  than  if  ti  were  full :  and  it  is  disposed  to  veer  suddenly  *  as  soon  tbo 
powtf  of  theoiher  sails  is  suppressed. 

n  tolNgwfD  itttA  Oujon  sr  matn  topunU  a  hack  A  Uke  vuut  or  filled. 

Either  the  fore  or  main-topsail  must  be  braced  sharp  a-back,  and  the  lee-bowline  haul- 
ed up  a  Uttia;  tiia  ^itbertwo  topaails  trinunad sbafp^ with tfaa  niian  haniadont^  ud tt» 

belut  a-lee. 

If  you  bnng-to  with  the  forc-tupaail  to  the  mast,  the  bead  yards  may.be  only  laid 
afvare.  Then  the  wind  will  act.obliquely  on  the  sail,  and  the  ship  will  faU  off  but  Httle, 
Il^au.>ie  the  effect  i<*  in  the  dir'-r  tiuri  of  the  I  from  forward  aft,  and  the  sails  abaft, 
loeep  the  ship  to.  The  maiu-top»ail  may  be  worked  in  the  same  manner,  if  you  wish  not 
10  expose  yourself  much  to  the  wind*. 

drtng-to  witAlAs  ttm  tofMoOs  ^'tek. 

The  Jtb  and  staysails  being  hauled  down,  brace  sharp  round  <tt  once  all  the  tail  yan 

wish  to  lie  a-back  in  hauling  up  tli«-  ^et -bowlines,  tli    cttar  >  '  xpo^e  the  saflstotta 

•   natiooof  the  wind  ;  haul  out  the  mizeu,  niv\  put  the  Ik  lu  hard  a-  -  cather. 

To  Jill  w*<en  lyiHg-4o  icith  t  hr  Jurf  -  .opsail  lo  Ihe  nuul. 

Brail  up  the  mizen,  hoist  the  jib  and  foretopmast-staysail,  shiver  the  main  and  mizen 
tupsails,  and  when  the  ship  has  fallen  o9 10^  or  30^,  HU  tha  fore-topsail,  which  wcb 
«i«aclt  batec^  and  stand  on. 

Brace  sharp  and  briskly  the  fore-topsail  a-back  ;  shiver  the  main  and  mizen  topaaUs ; 
Ijoi^t  the  jib  and  fort--tcpinast  <itaysails,  and  brail  up  the  mizen.  all  at  the  same  thno ;  aMl 
when  the  ship  iiaj»  fallen  otV  21)   or  30  ,  fdl  the  fure-topsail  and  stand  on 

If  5on  aae  obligad  to  keep  the  wind  on  the  same  tack  as  that  on  which  you  are  lyktg* 
to,  you  have  ofdy  to  right  the  hebn,  AH  tha  tops^l  which  is  apbaak»aDd  trim  it  ahaip,  to 
«lWDtinue  your  course. 

second  milhod. 

Trim  the  topsail  which  was  to  the  mast,  in  order  to  give  the  ship  way  through  the 
water,  and  ha  aMo  to  taek  or  ran  laiy,  according  as  may  bb  flwnd  naeasiaiy.  But  11^ 
method  isferjtodioin»naleaayoameantohaaTaln8tay8;  fawhichcaMltwiBhaBift 
aifcditiotts* 

«9  tlurd  method. 

Shiver  the  main  and  mizen  topsails,  keeping  the  fore -topsail  full,  righting  tha  heliti, 
and  runningup  the  jib  and  fore-topmast  staysail  at  the.  same  time.  Am  SOOn  aS  the  sUp 
hH  fldleil  ok  enough  to  get  headway,  fdl  the  after  sails,  and  keep  the  ship  in  the  dirac- 
tion  you  mean  to  follow.  It  in  easily  ^temi  that  tbi^  method,  thou^  the  moat  wmwoa,  la 
not  tha  most  ezpoditious,  when  you  tiave  to  wvr  considerably. 

To  fill  tchen  lijin^  to  icilh  tdi  lite  sads  to  tlie  niast. 

Brail  up  the  mizeo,  lay  the  aAer  yards  square,  and  shift  the  hchn  a-lee.  fVhflD  tte 
ahiphaa  ftOan  off  auflieiently  to  fill  tha  after  sails,  thaaa  Ibrward  an  than  to  ha  bmeed 
ahant  and  trinunad  ftdl  also,  in  ordar  to  stand  on. 

€^lfing4»  in  «  goto  ^  wkii. 

To  lie-to  when  it  blowsi  hard,  keep  as  close  to  the  wind  as  possible  under  some  ona 
sail  well  trimmed,  with  the  helm  lashed  a-lec  as  much  as  may  be  requisite  for  the  ship  ; 
•nd aa ahips  comiraonly  bring  to firom the  strees of  contrary  winda^aara ahonldba tonii 
to1iaait«-to  nndar  sndi  sail  aa  will  laast  strain  fliaahii^j  bacahiatoai*  an  aoaaavt 
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vchieh  lie-to  better  under  the  foresail  than  mtunsnil,  others  arc  more  euy  under  ^b§ 
mainsaili  aome  under  a  mizen,  and  many  ve^sdels  lie-to  best  under  a  main  itajsail. 

Lying'to  tmder  a  fore»ail. 

This  M  advantageous  for  veering  when  you  are  well  to  windward;  bat  it  ai^- 
lOMiti  the  kw-waj,  and  is  more  milig^t  to  break  dw  MHi  on  bowdi  on  ac<ANUit  of  th* 
•lup*t  continual  falling  off,  l>ecause  in  that  moreracnt  she  gathers  way  by  yielding  to 
the  impulse  of  the  gale,  and  is  afterwards  recalled  to  tha  wind  by  tbe  htlm;  so  that  in 
^p^inging  the  lodT  we  naeta  the  waiva  wIddiooiBM  ilrooi  Id  wimlntnL 

*rht  ship  does  not  In  this  situation  fall  off  soeolly  at  in  the  laatJMatiOBed  mode^hi^ 

rause  its  eflcct  passes  abaft  the  centre  of  c:ravity  of  the  ahlp}  hot  Ik  leepothe  sh^  nOR 
to  the  wind|  and  consequently  occasions  less  icC'way. 

Lying'to  under  the  mizen. 

Under  the  jnizen,  ships  keep  better  to  the  wind  than  under  any  other  sail,  because  it 
is  farther  abaft  the  centre  of  gravity  than  any  of  the  rest,  ctmsequentij  ot^jht  to  keep 
thewsMlflmn  drifting  more  than  a^y  of  IfaoollieBis  bntttiilacnftwaint  Amid  yon 
hate  oooyhni  to  feer  suddenly. 

Lifing-lo  under  the  main  slaynnL 

Tndcr  the  main  staysail  a  shit>  will  not  make  so  much  lee-way  ft»  under  a  fbres^ 
because  its  efforts  pass  very  near  tlie  centre  of  gravity ;  but  it  wtity.bowerer,  caane  her 
to  drift  more  than  the  mainsail ;  so  that  this  bmo  of  lyipg-to  Is  a  mean-hotuneu  tlo  two 

others,  and  is  preferable  when  it  blows  strong  cnougli  for  that  sail  to  support  the  rolling 
of  the  ship.  It  ougiit  likewise  to  be  preferred,  because  the  ship  will  veer  under  that  sail, 
the  action  of  which  passes  at  a  small  distance  from  the  centre  of  gravi^,  and  the>poiP» 
•or  of  the  sail  overcomes  the  fssiitanrii  whioferall  ships  meet  from  the  fluid  under  their 
lee  ;  a  resistance  which  always  gives  them  a  great  IncUMlioil  tP  1^  In  IbO  wind whOI 
it  blows  bard,  or  when  under  a  heavy  press  of  sail. 

Lying'to  undtr  the  fore ^  nuiin,  and  mizen  staysails. 

All  the  preceding  modes  of  lying^to  have  their  peculiar  foults ;  bat  tlie  preferable  way 
is  nndor  the  fhvo  stnysafl,  the  nun  staysei!,  and  miaen  staysail ;  beeaaeenndsr  ll«se 
sails  the  ship  will  <<tecr,  and  is  in  a  better  sit^tion  for  veering  than  under  any  other  sail ; 
for  only  haul  down  the  niixen  stay  sail  and  pit  the  helm  a-weather,  when  the  two  otlier 
sails,  being  before  the  eentraof  gravity,  will  eaose  her  to  Ihll  off;  she  will  then  soon 
gather  way,  and  steer  easily. 

Should  the  gale  rontinue  very  hard,  and  one  of  those  staysails  be  blown  away,  the 
loss  is  not  of  much  consequence,  as  the  courses,  in  case  of  an  cmercency,  are  ready  to 
est;  utereas  the  counes  are  not  so  leadQy  repleoed  when  lest  lUs  ttjode  theranra 
appears  preferable  in  every  respect,*  whether  you  wish  to  veer  or  keep  your  vrind ;  bd- 
Oause  if  the  ship  does  not  sufficiently  keep  the  wind,  you  msj  hanl  out  the  belaneed 
nixen,  or  take  in  the  ftwe-sUysaO,  or  eien  the  nain  stfey  kal.  One  ef  these  stayatBi, 
before  the  centre  of  gravity  of  the  ship,  is  sufficient  to  make  her  veer  as  soon  as  Che 
after  ones  are  suppressed.  There  are  besides,  these  following  considerations  for  so 
*dotng :  the  ship  will  carry  sail  better ;  because,  as  the  centre  of  efl'ort  of  those  on  her 
Is  very  low ;  she  drifts  has,  beMs  a  better  wind,  and  goes  faster  through  the  water; 
and  these  three  or  four  sails  are  so  situated  as  to  give  the  whole  body  of  the  ship  play, 
which  will  strain  her  less  than  when  under  one  singks  sail|  which  cannot  by  itself  wock 
It  from  eft  ftrnvud. 

or  JSMUBn^  in  fair  veather,  leMsr  ttm  hnlrd,  or  goiAg  large.  . 

^  Cbes^nlML 

Tf  dose-healed,  brail  up  the  wImb  end «iie(Mtaysail,  let  go  the  main  sheet Ibet  fhh 
?ail  may  shiver,  put  the  helm  a-lee,  end  bedt  the  mizen-to{wail  by  bracing  it  sqann. 

The  head-sails  as  well  as  the  jib  and  staysails,  are  to  be  kept  in  their  first  situatioQ ;  re- 
collecting to  haul  tight  and  belay  the  lee  braces.  When  the  ship  has  nearly  lost  her 
headway,  though  continuing  still  to  com©  to  the  wind,  yet  catch  mat  moment  to  heaire 
the  lead,  and  it  is  to  be  hauled  in  a^ain  with  all  possible  desfpeleh*  To  iM  e|idib  hnl 
.  a(\  the  main-sheet,  trim  the  miaen  topsail,  and  right  the  helm. 

Going  lar^r. 

In  going  large  you  have  only  to  put  the  hehn  a-lec,  to  brail  up  the  miseo,  and  belay 
the  lee  breees  quite  tight,  to  prefent  the  yerds  haviqg  too  nncb  play  nhea  ^Mle  m 

•  Shoold  ibg  wron  too  high  for  the  low»r  rtaysyis  IS  bi»  dW  iHp  iHsiUVn  rtSliWlliid  mel^ 

tocMll  wU  be  (^nad  to  aasirer  Uw  purpoie  admirablj. 
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fhireriflg.  It  if  il^pOHble  to  tack  in  this  situation,  as  the  jib  and  head-saild  are  ahrays 
in  action :  and  tlie  iqnare-saiU  soon  coming  to  shake,  on  account  or  their  abetf*  not 
beiog  tacked,  ih^j  loae  all  their  power,  ami  the  ship  is  soon  at  a  stand. 

'   ^Sfuther  method  pre/crabU  to  the  fornur. 

Going  large. 

Brace  the  head^aili>  square,  haul  down  the  jib  and  staysails,  without  stirring  the  after 
aula,  and  put  the  helm  a-lee.  Whfle  the  ship  has  still  a  little  headway,  tieave  the  leaxi 
firom  the  (Mace  where  you  haul  it  in  :  that  lesid  will  go  first  a  little  a>stem,  but  the  ship 
hfAng  Iwad  to  wind,  will  aooa  henelf  go  a  stern  right  upon  the  line  ;  and  as  the  helm 
li  mc^  Ike  Aip  jeasily  vMii.  But,  ir  yov  wlib  to  keep  her  to  kmger,  risfat  the  helm 
end  haul  the  mizen  outi  to  prevent  the  sbip^s  falling  ofL 

If  you  have  studding  sails  set,  they  must  be  haul^  down,  particularly  the  lower  onrs  ; 
beraiite,  should  the  wind  take  them  aback,  their  power  on  the  boom  might  bring  tire 
•h^  round  entirely,  for  they  act  on  a  lever  without  the  ^bip,  the  (Ulcrum  of  which  is  on 
the  outside  of  the  vessel  before  the  centre  of  gravity.  If,  however,  the  helm  is  continued 
•4ee  till  the  ship  (alls  ofl^  she  will  not  come  about,  because  then  the  vessel  goes  a-stern 
with  neat  velod^,  tad  Ike  rodder  Me  powerftilly  to  make  her  veer;  hot  the  Ikci  ik» 
Ikit  Ob  ih%  «iU  80  e  fmi  dni  MlirB,  eod  irlU  continue  to  do  so  inieh  loi^ 


If  close  hauled,  era  very  little  from  the  winH,  the  hi!m  is  to  be  put  a-lce,and  thr  in- 
■taat  the  sails  are  taken  aplMuek  the  hcadsails  are  to  be  Ulkd  by  brbkly  bradug  them 
e^BtnyiiilhBiitiialliqgftrlbevrindheuig  right  e-heed;  then  n  little  before  the  akipkee 
Wethef  vijikenve  the  hadfremthoilMe  wkeiefoa  haul  it  In,  and  tken  proceed  ae 


On  ship's  driving. 

When  it  happens  that  there  is  not  sufficient  room  to  work  in  n  tidc^s  Avaj,  through  a 
crowd  of  ships,  or  in  a  narrow  channel,  but  that  the  ship  must  drive  by  the^help  of  the 
tide,  it  may  be  done,  provided  the  tide  be  strong  cnoitgn  te  fHfoportion  to  the  wind. 
This  art  cowiite  hi  keeping  the  chip  inn  fair  way,  ly  n  aenaiwnent  of  the  rudder  end 
the  sails. 

To  drioe  to  unndteard^  when  the  tcind  ix  ni;ai>ist  the  tide. 

If  the  channel  is  soffidently  broad,  the  ship  should  be  drifted  broadside  to  the  wind, 
•a  the  tide  iNil  than  heve  the  greatest  power  on  her,*  end  emdd  the  ship  be  becked 
n-steni  or  shot  a-he«d  at  pleasure,  she  might  be  kept  drifting  upon  the  sauic  tack  with 
safety;  but  ships  in  a  tide's  way  can  never  be  backed  so  far  a-stern  as  they  will 
shoot  a-head.  At  the  lirst  of  a  stern-board,  a  ship  will  go  briakhr  a-stcm,  but  will  soon 
i«n  oS,  and  drift  with  the  wmd  abaft  the  beui,  ftnging  a  head  ;  lor  thii  reason  she  must 
be  drifted  with  the  helm  a-lee.  It  follows,  as  a  ship  will  shout  more  a-head  than  she 
can  be  bscited  a-stem,  that  she  will  at  length  ariive  at  the  opposite  shore,  when  she  must 
ke  stayed  or  veered  end  drilled  upon  the  other  teek.  If  she  is  to  be  sUyed,  (which  is 
preferable,  because  less  drift  will  be  lost  by  it)  let  thr  .nrxils  Ijc  filled  in  lime  to  give  the 
ship  sufficient  headway  to  bring  her  about,  then  put  the  helm  »4ec  Should  she  come 
aiArt,  Che  seib  and  h«m  having  now  a  proper  position  Ibr  n  stenboard  open  Ihe  otter 
|Mk»  need  not  be  touched  till  her  stemway  ceases,  when  the  helm  must  be  shifted  aplee : 
hut  should  the  ship  refuse  stays,  then  brace  sharp  round  the  heaUyarda^  and  boxhaulhef^ 
kj  which  method  she  will  lose  ptuch  less  drift  than  by  veering.  ^  ■ 

If  ^ ship  now driftiiqs  broadside,  is  approechhig*  narrow  channel,  where  drilling  iD 
fhis  position,  she  must  be  veered  and  dropped,  steruniii;-  llic  tide  stern  foremost.  lu 
this  case,  tiiat  tiie  drii^  may  be  as  much  a*  possible,  it  will  be  necessary  to  take  in  sail, 
ttdndneetke  Aip^shendwny  til  An  kee  only  steerage  way  left}  thus  n  vessel  aig  be 
dropped  thKogh  •  fleet  efwpe  et  tadioriiichoot  da^er. 

n  Mf       Ike  wind  If  MTMi  Ac  tfdr. 

Shoold  the  wind  be  a  litUt.  across  the  tide,  a  ship  may  be  easily  drifted  in  the  falrwev, 
with  her  bead  towards  the  weather  shore  ;  for  thui  it  will  be  found  that  she  can  be  beck* 
ed  and  tilled  at  pleasure,  and  ^ncralty  be  drifted  with  the  saihi  shiveriAg*  in  which  po» 
sition  tiiey  oppose  least  power  to  prevent  the  drift. 

It  frequently  happens,  in  serpentine  rivers,  tlmt  (!.c  tide  sets  acroM  ;  in  this  case  the 
ship  must  be  drifted  with  her  bead  to  the  sid^  from  which  the  tide  sets.  "Hiejcscts  aro 
tiest  diicov^ed  bj  observing  the  opening  er  ihiitUog  of  tifo  cidwto  ^  ^  dvectien  of 
thediaoBeL 
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the  larboArd  to  the  larboard  side ;  then  bend  yard  ropc.H  to  the  ear-ring  cringles,  and  make 
fost  the  head  ear-rings  a  few  feet  up  upon  the  yard-ropes.  The  bunt-ltnea,  Icccb-lines, 
clue  ginwU,  lad  nil  the  geer  bent,  midce  ikst  a  rofie-band  to  each  bunt-line  and  ieeck* 
line  leg,  that  the  men  mny  be  ennblcd  to  catch  the  bead  of  the  sail  from  the  yard.  Now 
man  well  the  yard  rojpea,  bunt'Unesi  leech  lines,  and  ciuc-ganiets,  and  run  the  sail  up  to 
thft  yard.  The  adi  iMt,  tend  the  hude  up  to  briRg  it  to,  and  let  ttea  hud  out  the 
weather  ear-ring  flnt^  then  the  lee  ;  and,  if  it  is  a  new  sail,  let  them  ride  the  head  nk>e 
*  to  atretch  it.  The  sad  being  hauled  sqnnre  out  upon  the  ywd,  KUke  tiut  the  ropo-teiulfy 
k0epuig  the  bead  of  the  aait  uell  upon  the  yard. 

Tu  bend  a  topaail  in  /air  weatlur. 

Overhaul  the  leeches  of  the  sail,  put  in  the  ear-rings,  bend  the  boW-line  legs,  lay  ont 
the  ehMi,  ind  opea  them  if  necc^^^acy,  and  make  the  sail  up  snug  again ;  then  round 
'  down  upon  the  lec-topsail-haliards  till  the  weather  fly-block  is  high  enough  to  bring  the 
Mil  up  over  the  guard-iron :  then  rack  the  tie  over  the  weather  rigging.  Now  pile  the 
Mril apoo  iUngs,  with  the  lee^ide  uppermost :  hoolc  on  tfie  tepsaillieliftrdf ,  oad  nm  the 
topaaiilup  into  the  top  :  then  >in  t(  b  the  sail  round  the  furr-part  of  the  top,  bend  the 
|eer,  and  make  fast  the  head  (  ar-ring»  a  few  feet  up  upon  the  recf-tackle-pendanta,  with 
m  rope-band  or  Ivk  o  to  each  bunt-line  leg.  1  he  jeer  being  bent,  man  the  fieeve4aeldes, 
iNUIt-lines  and  due-lines,  and  btui  out  the  sail.  Now  let  the  hands  lay  out  upon  the 
yerd,  and  haul  out  the  weather  ear-rings  firni ;  then  haul  out  to  leeuard,  and  ease  ofi  to 
windward  till  the  aail  la  square,  when  make  fa»t  Uui  rope-bands,  keeping  the  head  of  the 
aafl  nell  up  upon  Hm  yttd. 

Seibn  tte  Ma  ii  tooaed,  lei  the  doiMe  bloek  of  a  t«ehte  be  ntde  fhrt 

clue,  and  the  sino;le  blork  he  hooked  low  down  upon  the  chess-tree,  and  the  fall  led  aft. 
Then  man  well  the  tack  and  fall  at  the  same  time ;  and  when  the  t»ail  as  tooeed, 
ease  away  the  we^fter-etee  garnet  let  go  the  bunt-Unes  and  leecb-Uoea,  btiMtdMia 
imon  the  tackle  aAd  llkftin  the  main- tack  ;  theMaift>lKk  h^B%  dOWBi  Imiltlt  He 
apaetf  bface  up  the  yivd,  tad  haul  the  main-bowline. 

To  set  a  topaail. 

Let  a  tackle  be  in  readiness  to  elap  on  cither  hhcrt  as  ni^y  be  required.     First  man 
.  Hht  lee>»heet ;  and,  the  sail  being  loosed,  ease  down  the  buut-lines  and  lee  clue-line,  and 
baai  home  the  keiheet;  then  baol  hoiiietbewettherdieet,hoiet^afeil,aiidbnMap 
at  required. 

Should  the  wind  be  quartering,  the  lower  and  topsail  yards  ahoidd  be  braced  well  into 
•  the  wipd,  before  the  eait  is  ahedied  hoirie* 

Maa  wen  the  weather  due-gamet,  ease  oiT  the  tack  and  bowline^  and  run  it  up ;  theq, 

nan  the  lee  clue-gafnet,  bunt-lines,  leech-lines,  and  woather  braces ;  and  being  all  read^, 
eiae  away  the  sheet,  haul  np  tlm  elue-c^amct.  bunt-lines,  and  leoch-Iines,  and  round  in 
Ifae  weather-brace,  till  iht  yui  a  is  pointed  to  the  wind.  Then  haul  tight  the  trusses,  braces, 
llfta  and  foiliBgtaekle,aBd  let  the  heads  furl  the  eaiL  . 

To  fate  mikefinttM  in  Ifte Hhm  fuming. 

When  the  ship  begins  to  Teer,  the  yard  being  kept  braced  Aafp  op.  let  go  Ihetaek  and 

bowline,  and  haul  up  the  weather  clue-crarnt  t.  W'hru  (he  .*hip  i.«  n(  arlv  In-fore  the  wind, 
the  bunt  and  leech-lines,  and  the  other  clue-garnet  may  be  hauled  up  ;  and  if  the  situa- 
HoB  admits  of  it»  aad  occasion  requires,  the  ship  may  be  steered  with  the  irind  oa  lha 
fBVter,  till  the  sail  is  secored. 

»  To  loie  i»  a  lopMtf. 

Tlierc  are  many  opinions  upon  the  best  mode  of  pcrfornung  this.   S<Mnc  approve 'o^ 
cluing  up  to  windu  unl  first,  and  others  to  Icen  ard.    If  the  Tseather-Bidc  is  to  be  clued  up 
first,  the  weather  brace  must  be  rounded  well  in,  uud  the  yard  got  close  do«  n  upon  the 
-  lifts,  othen^ise  the  lee  rigging  will  be  in  danger  ofbeing  caffied  away  by  the  great  pres- 
sure of  the  lee  yard-arm.    If  (ho  weather  brace  can  be  rounded  well  in,  r^i    tin  yard  be 

et  close  down,  it  uill  be  bc^t  to  clue  up  to  windward  first,  for  thus  the  sail  way  be  taken 
without  a  shake,  bat,  if  the  weathei^rece  cannot  be  hauled  in  to  ease  the  yard  offtfie 
lee  riggiiij:^,  recourse  must  be  had  to  el.iingup  to  leewanl  first.  In  this  case,  it  will  be 
best,  if  hand^<  can  be  span  d,  to  man  both  the  clue-lines,  bunt-lines,  and  weather-brarr, 
at  the  same  time  ;  tbi^s,  when  the  l^c  sheet  is  cas«d  off,  the  weather-brace  am  be  hauleil 
in  with  ease,  and  the  yard  lakl  to  the  wind ;  and,  when  the  lee  dhw-be  js  Mu  vp,  ease 
off*  the  weather-sheet,  and  run  up  the  weather  due-line:  dMnhaal  tight  Uk  leebfaVt 
bowM  tight  the  rolling  tacKle,  and  furl  the  aaiL 
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Man       the  down  haxil,  let  sro  the  haliards,  case  off  the  sheet,  nud  l.aul  down  liriskly  ; 
lod,  irhen  the  sail  ia  clo^  down,  ease  awaj  the  out-haul,  and  haul  the  sail  into  the  boW*  \ 
i|rilcap;  thalrtitbeMnMawmjia  Iheibn-atajsaUiietlii^ 

To  lianl  fai  a  lower  atuddinfr-na,  Y»Ioi«lng  fresh^  lead  one  of  tke  riwcti  clear  aft,  and 
nan  it  well :  then  lower  nAvay  briskly  the  outer  haliards,  to  spill  tlie  saS;  eaie  oirthe 
taekt  ran  in  upon,  the  ihect,  and  lower  awaj  tho  inner  haliarda  aerequitid. 

To  haul  dmrn  a  topmnxt  stnddin^'sail. 

Man  well  the  deck  sheet  and  down  haul,  cast  oH  the  lialinrd.s,  and  haul  the  yard  clow* 
ont  to  the  taek  Uock  i  then  ea*c  awaj  the  tack ,  and  haul  duuu  Loth  upon  the  deck  sheet 
anldownkmL 

Man  well  the  lee  brail  and  down-haul,  having  a  few  hands  togslber  in  ttwriackof  flie 
weather  brail ;  then  let  go  the  haliards.  ea5e  oft  the  slieet,  am!  haul  down  .uid  brail  up  as 
briaUy  as  possible,  W  hen  the  sail  is  dow  n,  let  gO  the  tack,  and  stop  the  sail  over  to  the 
Im  An-rigging. 

3V  Ml  191  ft  mlscii. 

•  lliM  wdlttelee  braib,  eaae  olTflie  anisen  8heet,^and  hitfl  up  btiaUj,  taking  in  at  the 

•HH  time  the  slack  of  the  weather  brails.    .\Aer  tli<  ^ail  hi  kaulfld  upy  atop  Ita  footllj 
|iMMg>>tlie  gasket  round  to  leeward  which  will  spill  it. 

7o  takf  in  top-<j;n!lmit  sail. 

The  lee  sheet  must  be  started  first  and  clued  up.  and  then  the  weather  sheet 

■ 

To  unbend  a  course. 

First  furl  the  sail,  then  cast  oil  the  rope-bands  and  make  them  fast  round  the  sail,  clear 
•ff  <l».gMnlp.  When  tiie  npe*beiida  are  all  ofi;  eaae  off  the  lee  ear-ring,  and  low-down 
the  ^ai! ;  and.  when  t be  people  upon  deek  have  got  bold  of  the  ke  part  of  the  aaOt  eaie 
awajr  the  weather  ear-ring. 

To  unbend  a  top-sail. 

First  cast  off  the  points  of  the  reefs,  keeping  faj>t  the  ear  nogs ;  then  furl  the  sail 
and  coat  offtkerope-Mods,  which  nakelhatroim  (be  Bail,  clear  <m  After 

this  ra3t  off  the  Ice  ear-rings  and  haul  the  Ice  side  of  the  sail  into  the  top  ,  tlu  n  haul  in  the. 
weather  side.  Now  unbend  the  reef-tackie,  pendants,  bunt  lines,  and  bow  lines  ;  bight 
the  fill  anuglf  up  together ;  and  send  it  down  by  the  clue-lines  to  windward  or  to  leo- 
wwdi  ae  BKMt  eoBTOiaont.  t 

On  teittUing  w  htming  mMjf  la  ostom. 

HHicn  tlic  waves  run  high,  and  sudden  neccK<ity  require.^  to  bear  away,  it  sbotddbecon* 
sldered  that  the  lower  sails  forw  ani,  w  hich  the  ship  may  l>e  reered  under  when  she  comes 
before  the  wind,  may  be  becalmed  by  the  height  of  the  waves  breaking  violently  against  i 
tbe  ater^ ;  and  that  therefore  a  close-reefed  maintop-sail  should  be  set  to  ratch  Uie  w  ind,  ' 
berauseit  is  a  loftier  sail,  and  may  always  hr  k'  |'(  dmwing  full  nlioM-  tlir  uavps.  Thh  | 
increases  the  ship's  headway  so  much  that  tbe  wu>es  will  not  strike  Uer  abaft  with  so  \ 
^wai  a  velorit  J  as  when  ber  headway  is  less.  ^ 

Hence  it  follow.-*,  that  when  going  to  srnd  before  high  wares,  the  ckMe-neftd-naiii'  ' 
tiyilil  Aould  be  the  last  square  sail  takm  in  in  a  laboursomc  ship. 

0/ «  ship  ortrsft  mt  /n  r  side.  i 

A  commop,  but  not  alwaj/a  certain  method  to  recover  ships  from  this  dangerous  situa-  / 
'tion,  ia  to  eat  awa^  tbe  aaasta :  however,  as  this  expenaive  nMtbod  may  lhil,atop-watera  ; 

•    only,  on  the  leo  quarter  at  sea,  mny  rauM-  the  ship  to  %eer;  or.  where  there  i.«*  ground.  ' 
an  anchor  or  anchors  dropped  from  the  Ice  bow,  may  bring  the  wind  a-bcad  and  take  the 
sails  a- back,  so  as  to  cast  the  ship  on  the  other  tack,  and  bring  her  upright. 

Tor^  a  nunn-topma$U 

Twe  the  matt'bead.  get  tbe  erose-trees  over,  fix  tbe  bobtera  and  parcel  them,  pot  over 
Iwitol  pendants,  then  the  shrouds,  brcasl-haek-stay.  proper  and  spring-stay  and  cap,  sway 
Op  Ac  matt' and  Od  it,  seiie  in  the  dead  eyes,  stay  the  mast,  set  up  the  shrouds,  rattle 
them  down,  lash  the  bullock  blocks  to  the  mast  bead. 
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To  rig  a  lopgaUant  mastp 

Send  dov.  n  tbc  top-rope,  reere  it  through  the  shteve-hole,  and  make  it  fast  round  th« 
bounds  of  the  mast  and  ttUiudiug  jyart  ol  Ibc  rupc,  leaving  enough  end  to  make  iast  to 
the  cap,  which  done,  •msyKwwff.yrhm  the  heed  it  through  the  cap,  make  Ait  Iho  tpm 
end,  or  standing  part  of  the  to  -rope  to  the  cap,  cut  the  seizing,  clap  on  the  frommet, 
then  the  ahroudsi  back  atajra  and  stay,  sway  up  the  luaat,  fid  it,  and  aet  theiif^^  Up. 

To  rig  u  boi"$}trii. 

llasli  the  coUar  fore-ataj  for  the  bob-atays  and  bowsprit  shrouds,  then  the  collar  for 
the  spring  stays,  then  the  •btock  for  the  topaipt  atayi  fix  the  mtn-rope,  gamBioa  the 
bpwspril,  and  eat  bob-atnya  ead  ahrttudi  up. 

To  fig  ajik'htm. 

Pot  OT^r  the  traveller,  horses,  gays,  the  topgallant  stay-block,  and  huh  an  tftt  Uodtf, 
ftr  tte  topgaUaat  hoiil|iie  and  jfl)  down-haul  block  to  the  Hamller. 

To  rig  a  kmtr  yanL 

Get  it  athwart  tlic  c^mwalc,  lash  the  jeers,  quarter  cluc-gamets,  bunt-lincs,  leech* 
lines  and  blab-line  blocks  i  then  put  orer  the  yard  arnis,  the  horses,  brace  pendants,  the 
yard4adde  pendanta,  then  the  tofr-ia&  dieel  and  liftpblockB,  reeve  the  Jeeca,  bnM%lifta 
apd  yturd  tackle  falls,  tnisa  pafeeb»  0«ay  the  ytid  up,  and  haid  all  taot 

To  rig  afort^kipttUfmd. 

Beeve  a  top-ropc  through  the  bullock-blork  and  send  it  do^m,  and  having  put  over  ti.e 
bonea,  make  the  top-rope  fast  to  the  middle  of  the  yard,  skopping  it  to  the  yard-arm, 
simt  It  up  above  the  top,  put  over  fhe  btaeo  pendanta  and  fift  blocks,  reeve  the  lifts  and 
braces,  cut  the  yard-arm  xcizing  and  crosa  the  yard,  laA  the  tye,  hunt-line  and  diwline 
blocks,  n'ovr  the  tye  nii<!  iiaii;trd.<<,sway  Hup  tMrta  thecep,andpar6eli^reer»the  due* 
lines,  buut-hucs  and  reel- tackles. 

*  To  ri^  a  topgallant- [i^rd. 

Seize  tbc  duc-liue  blocks  on,  put  the  horses  over  the  yard-arms,  sway  it  upon  the  ci 
and  rig  the  jsivd-aans,  by  putting  on  the  biaee-pandanb  and  Hfte,  tlm  crm»  the 
and  parcel  it. 

To  iUoraok^wkm  hot  rudder  it  tel. 

To  take  a  large  spar,  or  port  of  a  topmast,  and  rut  it  flat  in  the  form  of  a  stern-post, 
bore  boles  at  proper  distances  in  that  part  which  is  to  be  the  fore  part  of  the  prcfeoter 
or  additional  stern-post,  then  take  the  thiekest  plank  en  board,  and  mdte  it  as  near  as 
possible  into  the  form  of  a  rudder,  bore  holes  at  proper  distances  in  the  fore-pad  of  it. 

and  in  the  after  part  of  the  preventer  «tcm  post  to  correspond  with  rarh  other:  ana 
reeve  rope  gnunmots  through  those  boles  in  the  rudder,  and  after-part  of  the  stern  post 
Ibr  the  ruddbr  to  play  upon.  • 

Through  the  prcrentpr  st^m-post  reeve  guys,  and  at  the  fore-part  of  thcra  fix  tackles, 
and  then  put  the  machine  overboard ;  when  it  is  in  a  proper  position,  or  in  aline  with  the 
ship's  stern-post^  ladi  the  upper  part  of  the  preventer  poattttiie  upper  part  of  the  ship** 
atern-post,  then  book  tackles  at  or  near  the  main  chains  and  hov>  t>e  taut  on  the  guys  la 
confine  it  to  the  lower  part  of  the  prcventer'stcrn-post ; — having  boles  bored  through  the 
preventer,  and  proper  »te.ru-pubt,  run  an  iron  boK  through  both,  taking  care  not  to  touch 
the  rudder,  which  will  prevent  the  false  stern-post  from  rising  up  or  falling  down. 

By  the  guys  on  the  alltr  part  of  tht  rudder,  and  tackles  affixed  to  them,  the  ship  may 
be  steered,  taking  care  to  bowse  taut  tUc  tackles  on  the  preventer  steni-post  to  keep 
close  to  the  proper  eteni-post. 
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CATALOGUE 

OF  TBE 

TABLES,  WITH  EXAMPLES  OF  THE  USES  OP  TROW  THAT  jUHB  HOT 
E»LiAIN£l>  IM  0THER.FAST8  OF  THIS  WORK. 


TABLES  L  uiAII.  JHfftrmu  •/  LMtudt  md  EfeptHm,^Tb»  Ufa!  table  eoDtajna 

llic  (liflcrencc  of  latitude  and  departure  corresponding  to  distnnrcs  not  pxrecding  300, 
and  for  courses  to  evory  quarter-point  of  the  compact.  Table  IL  is  of  the  same  natim 
and  extent,  but  for  councs  connstinff  of  whole  d^rctft.  Tbft  nftnner  of  using  these 
tables  13  particularly  explained  under  »e  article  of  Ittspeetion,  in  ttut  dlUbrent  FroUema 
•f  Plane,  Middle  Latitude,  and  Mercator's  Sailing. 

TABL£  Miridional  Farts. — ^An  explanation  of  thid  table  may  be  found  in  pages 
77  and  79,  Mid  (he  iiaet  of  it  are  aboirn  in  til  tlie  ProblenM  of  Merealoi'a  Sidlii^. 

TABLE  IV.    The  Sun's  Declination. 

TABLE  iV.  A.  Tius  table  contains  the  eqMtion  of  timt  for  tntj  noon  at  Green- 
wieh  and  ia  to  be  vedaeed  to  any  otiier  boor  Iqr  meana  of  TiMe  VI.  A.  Thus,  suppoae 
the  equation  of  time  was  required  for  May  2,  1824,  sra  account  at  10  A.  M.  apparent 

time,  corrc^onding  to  May  Id.  22h.  by  the  N.  A.  Table  iV.  A.  gives  the  equation  May 
1,  at  noon,  sub.  3m.  5s.  and  daily  increase  8  \  Find  this  at  the  top  in  Table  V  I.  A. 
aiid  Mb.  at  the  side,  the  cone^Nmdiog  eorrection  7s.  mcreases  the  equation  3m.  5s.  to 
Sm.  138.  which  is  the  equation  at  the  propose*!  time.  Thus  Ts.  could  have  »  ten  svh- 
traclive  if  the  eauation  had  been  decreasing,  as  it  is  in  Marcli.  The  equation  of  time 
bein;  tbuB  ftoad,  mfr.  Sn.  Ila.  la  to  be  sublraeted  from  the  apparent  time  fSh.  as  in  the 
tal'le  to  get  the  rnpan  time  2lh.  fihm.  iHs.  If  the  mecm  timr  21h.  r>fim.  ■IP.'*,  had  been 
giTcn  to  Ond  the  apparent  it  must  be  applied  differently  from  the  directiou  in  ihe  table, 
and  in  this  example  must  therefore  be  added  to  Slh.  56m.  4Sa.  to  obtain  the  apparent 
time  22h. 

TABLE  V.  For  reducinx^  the  Sun's  Declinalim  given  for  noon  at  Grernwich  to  any 
other  Ume  under  any  other  meridim. — The  manner  of  using  the  two  preceding  tables  is 
tt^ained  in  pages  110  and  111. 

TABLE  VI.  The  Sun's  Right  .ftrrjifjon. — Tlic  Sun's  mean  rljht  ascension  ^;iv(  ii  in 
this  table  maj  be  used  when  a  Nautical  Almanac  cannot  be  procured,  and  no  great  ac- 
eanef  is  reiidlred.  The  TiMe  la  fo  be  entered  at  the  top  with  the  month,  and  at  the 
aide  with  the  day  of  the  month. 

TABLE  VII.    .Amplitudes. — Tliis  table  i?  crplnined  in  pn2:(  1 12. 

TABLE  VIII.  Right  Asetnsiotvs  mui  DecUnations  oj  the  principal  Jutd  6lars. — 
This  table  contains  the  right  ascensions  and  deeUeatioos  of  the  principal  Azed  stars, 
adapted  to  the  1st  of  January,  1820,  and  the  annual  rariations  in  right  ascension  and 
deeUnation ,  by  me^s  of  which  the  right  ascenaiona  and  declinations  of  any  of  tliese 
alara  may  be  wtaioed  fbr  any  time  before  or  after  the  year  IBSO,  bj  the  r«le  at  the  and 
of  the  table.  To  Uhistrate  the  nethod  of  doing  this,  we  shall  here  gi?e  the  following 
examples. 

To  find  the  ri^Jii  ascmr^wn  of  a  stn-  at  cuy  timr. 

FXAMrf.K  I.       '  !  k.xami'i.t:  II. 

Hrqulrrd  ibe  rif^hi  a.>>ceu»ion  of  Akiel>aran.  Jnnti-l  Hrqiiirpd  (lir  ri^'lii  ii$c«(uton  of  Aktebarsn,  Jatm- 
nry  i,  1824?                                         h.  in.  i>,\nr\  i.  i  -'  i  -  b.  m.  r. 

R.  A.  bjr  lb*  Table  lAlOO                      4  2a  SultCf  A.  bj  tbc  Table  in  1820  4  i&  SB 

yummi»4fmnsM   ldVariailsBlB9»ynr*,siiaimet  I  9 

B.A.hiJsiMiaiTf  liM  4  35 m|r. A  on  Janoaiy  I, lllU  494  37 

EXA."MrLFIII.  I  EXAMPLE  IV. 


Reqqired  the  rigbi  iiseriuion  of  Spin,  Mav  i**! 
1886?  *        h.  m.  «. 


JII.A.bjtlwTablelii  IISO  '    19  l&  4S  R.  A.  b>  Ui«  Tabic  lo  IQO  8  97  18 

Vtflallaala8  9san4iaMMlS)add  « VteiillsBla » years       sOMiaet  94 


Kc(|uirr-f{  the  right  asceiutoo  of  Siriof, 'Noveta- 


B.AhiJaaasn,lSOV  8  96  88 

VaftallaBfcrl0nMmhssad8da|i^sdd  9 


ft  A  \ovrmfter  fi.  1807  6  96~4I 

The  sun's  right  ascension  for  any  time  may  be  found  ac^nrateW  by  the  Nautical  Alms' 
nac,  by  taking  proportional  parts  ef  iSm  Mj  dMbenea,  as  will  oe  esplrinad  hi  tto  pre- 
cepts of  Table  XXXI.    But  in  cases  where  no  great  aflewacy  »  required,  the  lt|^t  a»* 

BMJ  be  obtained  within  2  or    minute<«.  by  means  of  Table  VL 

To  find  the  declination  of  a  Star  ut  any  time. 


FXAMI  LK  I 
Required  Ihe  declirmtioD  of  Aldebarao,  JaDoary 
f,  1R24'' 


Frx AMPLE  n. 

Rrquired  ibe  decUnaiiuu  uf  Ablebarnn,  .Tanutly 
I,  1810  1 


lMciiaai}eatif«kr1\iMciiillOO           I60  s  liJOrdlMitkNibr  the  Table  in  1830 
^MSRiySmm'uitmstrtf  .  t  .  MsSMita  10  years I'SOr'saM   

im  88  8  vJneMMISB  JaaaB>7  h  «m  18  7  H 
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EXAMPLE  III. 
ttn  cUcihwHw  of  gjto,lltoy  a»  \936t 

IVcIinatkm  by  Ibe  Table  la  IMI  S0»  19  B. 

VarUlion  in  6  yc»n  43  twauAM  S 

Pecliii.itioii        .%  1929         '  r»  13'  S. 


EXAMPLE  IV. 

Di^iMtioB  hjr  die  Table  la  1820  IGO  S> 

Var.  la  22  yean  1  atonUi  24  day»,  it  tub.  2 


LK'clioation  November  6,  1797 


160  27  S. 


Til*-  right  a^ccn.^ions  aiid  declinations  obtained  by  the  preceding  calculations,  are  the 
mean  values,  to  wliirh  must  be  applied  the  correetions  for  the  NiAatiMi  «nd  Aberratioa 
Table-*  XMl.  Xl.Ill.  in  cases  where  great  accuracy  b  required,  as  is  now  done  in  the 
Nautical  Almanac  for  24  of  the  brighteai  tftars  for  every  10  Uajs  ia  tUe  year,  and  those 
nunibeii  in  the  Neiitieal  Almanae  ere  to  be  preferred. 

To  find  icIuH  a  star  icUl  bi  on  the  meridian. 

BoiB.  Find  thejrigbt  ascension  ^f  the  sun  and  star  in  the  preceding  tables  lid 
VIII ;  rahtract  flie  ran**  right  aseension  htm  the  itaf'f,  hsfing  pfgftotuly  inewted 

the  latter  by  24  hours  when  the  eun^s  right  ascension  is  the  greateet;  the  remainder  will 
be  the  time  of  the  star's  coming  to  ihe  meridian.  If  the  remainder  be  greater  than  12 
hours,  the  star  will  come  to  the  meridian  aAcr  midnight ;  but  if  less  than  12  hours,  be- 
Ibie  midnight. 


KX  \Mri.K  1. 
At  ^«Uat  time  will  Alili-t>aiaa  be  OD  Uie  insridlan 
Jauuary  If  h.  m 

AldfB^Muvu'i  rigbi  ascciisioD  4  26 


Bnnli  right 


latheanaiaf 


94  ISoa^ 
M 

18  4i 
9  41 


KX  AMPLE  II. 

At  ^^h.lt  time  w  ill  HoUu  iM  00  Uic  meridian, 

M  i.-ti  ai  J  h.  ID. 

Pollux's  rigbtMcciuion  184 

rigliiaimriM  tl 

•  88 


EXAMPLE  III 
At  v.'.uM  ume       itic  t\ar  Ucgiiius  be  on  tbe  mi'- 
1  idj  ii),       ••iu!<»T  I.;  '  I,  tn. 

Reyiiu*'  righiucensiao  9  M 


EXAMPLE  IV 
Itoquiivd  ibe  lime  wIhtd  ibesur  F< 
.III  iiif  tiwriiti.iri,  J(toe  I  f 
f  ooHuteut's  rifbi 
If  aii%  right 


JG  42 
12 


4  A2 


as  M  Mtt  mldaight 
17  17  bubtraei 

tn  the  morning 


fi  19 


8iik%  fight  aseeailo^ 

After  Riidiiigbt 
Subtract 

111  ibe  luorniiig 

To  find  tchai  slur  vift  e(rne  u'h/h  the  mtridian  nt  any  f^ren  time. 

Rule.  Add  the  time  from  noon*  to  tbe^right  ascension  of  the  sun,  the  sum  (electing 
84  hours  when  ft  eceeeds  84)  will  be  the  r^t  ascension  oftbe  star  required  to  be  kMwn ; 

with  which  enter  thr  table  of  t?ic  star's  right  ascension,  and  find  what  star's  right  as- 
cension agrees  with,  or  comes  the  nearest  to  it,  and  that  ivill  be  the  ntax  required,  if  the 
dee.t.t  •tioo  of  tte  fbir  agrees  uith  tbe  table,  Hbich  may  be  ascertained  by  obsenring  the 
neridiaii  altitude  of  the  star,  the  latitude.of  the  place  being  given. 


EXAMI'I  K  I 
What  star  nil!  t>i-  on  tin-  mrridiau  about  10  n 


Fun's  I  iifbt  •scmitiun  Janoarr  36 
OlvoaiiiMlOlManP.M. 


h. 
10 


Subtract 
Ktwiy 


90  3U 


?.M.  April  ir 

t>aB*s  rtt^it 

tAvCB  UlBS 


to  SiriiK 

EXAMPLE  111. 
wiU  be  aa  tke 


KX  \  MPLE  IT. 
VV'bNt  our  will  be  upon  ibc  oiencUaa  30  aiioatcs 
,<t9t  (imr  la  iIm  oKiniwg*  I'  . 

b.  Bi. 
S  7 

J8I8 


Ko>  s  rif  111  Bscemlon  May  lO 

(»li  «»  iim**  18  ~ 


Mijrltr 

n  nay  lO 

aOsifaMift 


eiikioo  01  law.  Jmwch  18  89 

«iira«TS  neaily  to  Aiatr  la  the  Eagle. 


Afrill 


KZAMPLB IV. 
;  8h.  J8an.    What  tar  will  be  on  tie 
,  «.  in.  at  .'^h.  37iii.  P.  M  f 

43  Siiii'*  ri.'bt  aieeuioa  Best.  1 

€  SS  Ui 

7  8ft  HiL'Iii  n^r<  'i^ion  of  (be  merii 
jAi)-»»T.  ruMffv  to  Antarcs. 


Right  aKemten  of  the  m< 
Aaswers  aearly  tu  Pollux 

in  all  the  preceding  ex  >mpleK,  the  right  iiscension  of  the  sun  oii|^t  to  have  been  cai- 
cnlated  for  the  moment  uf  the  star's  passing  the'ineridiaat  as  wu  baiaoia  lUhr  as* 
stained  in  the  praeepu  of  I  able  XXXI.  • 


•  The  tiae 
calknieb. 


■Ml  he  Kck«a8d.fieni  iht  pieecdhif 
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TABLE  IX.  SimUdiwma  mtd  Beitd  noettumal  anhes.^Thia  ttble  exhibiti  iffif 
the  tkne  that  a  celestial  (^ject  continues  above  the  borizon  when  the  latitude  and  d** 
cUoatioo  are  of  the  lame  name,  or  beloir  when  they  are  of  a  cMtran^  name ;  the  for* 

«taM  lb»  liBM  W  ifaiiig  lai  Mtlfag  My  be  coBiyal^ 

RcLB.  Find  the  8un*s  declination  at  the  top  or  the  pnge  and  latitude  in  either 
aide  column,  under  the  fonncTi  aad  opposite  the  latter,  will  be  the  ttme  of  the  aun'o 
aittiiM^  if  the  fatitude  aad  dacHpattoB  tm  of  the  same  name,  but  the  time  of  rising  if 
of  dimient  names. — The  time  of  rising,  subtracted  fironlS  hours,  will  give  the  lima  of 
setting;  or  the  time  of  scttinp::,  subtracted  from  12  hours,  will  gire  the  lime  of  rising. — 
The  tijne  of  rising,  being  doubled,  will  gire  the  length  of  the  night ;  and  the  time  of  a^t^ 
tivg^Mq;  (MMa^  nil  She  A»  laacUl  of  Iho  dqr« 

Let  itba  leqoiivd  to  and  tba  tima  of  On  soa^s  rising  and  sattbg,  with  HM  laaglh^' 

tbs  day  and  night  in  latitude  51°  north,  the  19th  of  July,  18207 

The  sun*s  declination  on  the  given  day  was  8<P  51'  norths  or  31*^  nearly,  andar  which, 
and  against  the  lalitiida  Sl^,  stand  Th.  5Sm.  the  time  of  tha  ma?»  Miliar  on  tba  given 
day,  in  lat  51°  north,  which  doublad,  gires  15h.  40m.  tha  lanfth  df  the  day  ;  and  by 
Mibtracting  7h.  53m.  from  I2h.  Ute  remainder  4h.  7m.  ia  fha  tiawof  tha  sun's  nsil^» 
which  doubled  gives  Sh.  14m.  the  length  of  the  night. 

BatyWhen  the  sun  has  south  declination  in  this  latitude,  the  time  of  sun  setting 
becomes  4h.  7m.  the  time  of  n.-^ing  7b.  53m.  the  length  of  the  day  Sh.  14m.  and  dl0 
iea^  of  the  night  1 5b.  46m.  as  was  the  case  nearly  on  the  2Gtb  Novembefr  1820. 

EXAMPLE.  II.  EXAMPLE  III. 

Let  it  li«  r*qu!r«fil  tn  find  th«  tini«  of  th<«  sun'*.]  Rcquiml  Ihc  time  of  lb«  »un'i  rWnp  nnd  <M?ttinf, 
rUiog',  s^tlmc,  ind  tdo  kngCh  of  ibe  day  and  lughtJnnd  len^h  of  day  ii»  latitude  31°  S.  Mav  l5tL, 
■I  Bo«too,  l!:.-  1?;'  nfJuh,l!-2Ui  ll&20' 


Und«r  23^,  which  !«  iH^rly  the  d<-c!in<iiion  on  ibat 
<1ay.  mnd  a^^Oim  4QP  23'  or  r^o  S.  th 
Bofttoo,  ftaods  (b«  time  of  the  sao's  I 
scttiDgr  5 
8ub(i««t«d  from  I2fa.  leaves  •oa-riiiiDr 
Sun-fettJn;  doubled  is  the  length  of  &f 
 ilksksgtbsrai^ 


Stands  the  luirs  i  ising 


Uadcr  the  declination  180      or  19^  If. 
ialitude  o(]aiid  asainst  the  lat.  :>40 

h.  ID 
7  25 

4  aa  Hsm  ot  soa's  settUic 
MM 


h.  m. 
12  P 
6  &4 


rn^lsBgdlertheday 

I  And  eh.  51m.  doubled  to  lcactl>  of  n^'>* 


When  a  great  dr^c  of  accuracy  is  faymod,  pn^fotlhafd  fUU  m»j  ba  lalienforth^ 

minutes  of  latitude  and  declination. 

To  find  ihc  time  of  rising  and  utting  of  sturs  whose  declinaUon  does  not  exceed  23^  18'. 

Enter  Table  IX.  and  find  the  starts  declination  at  the  top,  and  the  latitude  at  the 
aide ;  wHiar  Hie  Ibrmer,  and  opposite  to  the  latter,  wfil  be  the  snni-dittnud  arrii,  when 

tbe  latitude  and  declination  arc  b-jth  north  or-botb  south  ;  but  if  one  be  north  and  the 
other  south,  the  difference  between  the  Tabular  number  and  V2  hours  will  be  tbe  semi- 
diurnal arch.  Find  the  time  of  fte  star's  coming  to  the  meridian  according  to  the  pre- 
cepts of  Table  Tip.  Mid  subtract  therefrom  the  semi-diurnal  arch,  the  difference  win  be 
the  time  of  rising  ;  or  by  adding  together  tbe  seihi>diainal  arch,  and  the  time  of  P«Mi^ 
the  meridian,  the  time  of  setting  wUi  be  obtained. 

EXAMPLE  IV.  EXAMPtVV. 

Whni  lime  v^iii  the  D4>g«3nr fiMis  rist  aod  a^l 

*t  Phll«drlp»il.i.  Feb.  I  '  h.m, 
Undt-r  iluMlecliiiatiuii,  \v  hi^  is  aiM||r  li^S* 

and  af  ainst  ilia  latitude,  IS  0 

whMfisasMtf  40ON.siBad  e 

SaMracted  from  I2h.  lesvcs  hslf  Ihaliiia  the 

•tar'ia  above  the  horlssii  ^  * 

rbeatarcoiMsioihsaeridiaa  hi  ihsaven* 

hifasBVljrat  ^ 


•orl  set» 
b.  ni 


the  meridi- 
;,  isnearbr 
'r,sad 


9  3i> 


7  41 


Rcqaired  when  the  star 
December  1,  in  tatitnde  51°  N  ? 
The  time  of  thestar'^  r  iiHUk:  to 

as,  or  M>uthin£  in  the  (imrui 
Then  under  atai^s  declinatios 

against  lalHade  51°  stand 

Tims  of  star^  risiog  in  the  morniog 
AMsd^  Bt««*  (hs  ttanasr  the  Star's  Mitijii 


Sur  sett  28  miaotssallsrS  in  the  evening       5  25 


I  51 


>ikaitM«fssttlif 

in  the  uioroine  •  2 

Differeoes  Is  tha  timeof  riilnff  1°  the  erenin;  4  99 


Som,  rejectinr  12 
ting 


III  like  manner  may  the  rising  and  setting  of  any  planet  be  found  when  the  decli\ 
nation  does  not  exceed  23^  S8',  and  the  time  ol  the  pusage  orer  the  meridian  is  imcrwn.^ 


uon  Qoes  not,  ezccea  a.s^  ita ,  ana  the  time  oi  the  passage  orer  ine  meruuau  u  «uu  vh.- 
Suppose  tt  waa  nonired  to  find  the  tine  of  JapftaAfising  And  setting,  BAaiA  8,  IW, 
nlaeeom,tetbelMMaor580Kr7 

Co 
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In  the  Nautical  Almanac  ('or  1B20,  I  find  thai  Jiipitcr  passes  the  mcri  lian  March  <d. 
23h/lOni.  or  March  Sd.  Uh.  10m.  A.  M.  civil  account,  his  declination  buiug  1U-'  56'  S. 
or  ntBxif  llO.  Under  the  declination  1 1",  and  opposite  to  the  latilnde  St*  atand  €h. 
iiSm.  which  is  half  the  time  Jupiter  is  hvlow  the  horizon;  this  subtracted  from  12h. 
leaves  half  the  time  that  be  is  above  the  horizon,  5b.  2m. ;  this  subtracted  Crom  1  ih. 
lOm.  A.  M.  leaves  Gtu  Sm.  A.  M.  March  8,  for  the  time  of  japilei*s  rising ;  and  added 
to  1  Ih.  10m.  gives  4h.  l2m.  P.  M.  March  8,  for  the  time  of  Jupiter's  sottin;^. 

Suppose  it  was  required  to  find  the  time  of  the  moon's  rising  and  setting,  Maj  5^  t830| 
civil  account,  in  the  latitude  of  52^  N  ? 

In  the  NautiearAlmanac,  pai;c  \  I.  I  find  that  the  moon  parses  the  meridian  Maj  4d. 
18h.  7tu.  or  May  5d.  6h.  7m.  A.  M.  civil  account ;  her  declination  bein^j  about  Si**  S. 
Under  the  declination  21--,  and  oppojiite  to  the  latitude  52^,  stand  7h.  58,  half  the  time 
tte  oMNm  is  boloir  the  horison,  whioh  aubtraetod  flron  Itti.  leaves  half  tta  ttea 
she  is  above  the  horizon.  Ah.  2ra.  ;  this  jiubtractcd  from  6h.  7m.  leaves  2h.  5m.  A.  M. 
the  time  of  the  mOon's  rising,  and  added  to  6h.  7m.  gives  lOh.  9m.  A.  M.  the  time  of 
her  setting,  neariy. 

If  gresier  accuracy  is  required,  you  must  And  the  time  at  Greenwich  corresponding 
to  this  approximate  time  of  her  rising  and  settinj; ;  then  find  the  moon's  declination, 
and  the  right  ascensions  ut  the  suu  and  moon  for  that  moment  of  time.  The  former 
Mihtfacted  (torn  the  latter  leaves  the  correeled  thne  of  the  rnoon^  |NMsing  the  mcri- 
diaOa  With  thcHc  data  repeat  the  operation.  In  this  way  we  may  obtain  the  time  of 
fisfng  and  setting  to  any  degree  of  accuracy.  Instead  of  taking  the  difference  of  the 
r^t  aseenaion  of  the  son  and  moon,  you  may  tain  the  dafly  dilerenee  in  the  tfaae  of 
her  coining  to  the  meridian  of  Greenwich,  and  take  a  proportional  part  for  the  longi- 
tude of  the  place  of  observation  (by  means  of  tabic  XXVIII.)  and  another  proportional 
part,  fur  the  interval  bettveen  the  hour  of  passing  the  meridian,  and  the  time  of  rising  or 
aettteg.« 

It  may  be  noted,  that  the  nMmhors  of  Table  IX.  wr  re  calculated  for  the  moment  the 
sun's  centre  appears  in  the  true  horizon ;  allowance  ought  to  lie  made  for  the  dip,  pa> 
mtax,  nd  refraetioR,  by  whieh  the  sun  and  staiai  when  near  the  hotiion,  appear  in  ge- 
ncrat  to  be  elevated  above  half  a  degree  above  their  true  plae^  and  tin  ummni  as  nuicb 

below  her  true  place. 

TABLE  X.    For  finding  tht  distance  of  any  terrestrial  object  at  sea, — ^The  explanation 
and  use  of  this  table  is  given  in  Problems  VII.  and  VIII.  pa-cs  190,  191. 
TABLE  XL  TabU  qf  FroparUmal  Paris.— The  method  of  using  this  taUe  is  given 

ij)  page  1 66. 

TA  BLE  XII.    TabU  of  lZ</racfion.~Explalned  in  page  108. 

TABLE  XIII.    Dip  of  the  /fon:o;i.— Kxplaino.l  hx  jui-c  100. 

TABLE  XIV.    Sun's  Parallax  in  ai.'au4ic.— Explained  in  page  107. 

TABLE  XV.  JStigmenitHon  of  Ike  mom^ftenMUmiUr.'-^ht  mnm*9  eemi-diaaie« 
trr  2,ivcn  in  the  Nautical  .\lmanac  is  the  same  as  would  be  seen  hy  a  spectator  supposed 
to  be  placed  at  the  centre  of  the  earth,  or  nearly  the  same  ns  would  be  seen  by  a  spec- 
tator on  the  surface  of  the  earth,  when  the  moon  is  in  the  horizon.  Now  when  the 
moon  is  in  the  zenith  of  the  speetator  placed  at  the  soiftee,  her  distance  from  him  is 
less  than  when  at  the  horizon  by  a  ^<  ml-diamctcr  of  the  earth  ;  consequently  her  appa- 
rent semi*diaraeter  must  be  au£incnlcd  in  proportion  as  the  distance  is  decreased,  that 
is  about  one  sixtieth  part,  or  le*.  At  intennediate  altitudes,  between  the  horlson  and 
ycnith,  the  angmcnt-xtion  is  proportional  to  the  sine  of  the  altitude,  and  the  value  for 
every  5^  or  10^  of  altitude  i«  given  in  Table  XV.  The  augmentation  corresponding  to 
the  altitude  being  found  in  tt>c  table,  muat  be  added  to  the  8cmi*diameter  talten  from 
the  Nautical  Almanac  for  the  time  of  observuion  reduced  to  Gteenwieh  lime,  as  wae 
eimlained  in  page  1  f>6. 

TABLE  XVI.  Dip  of  the  sea  at  different  dista$ues  from  the  observer. — Explained  in 
pa(gel09. 

TABLE  XVII.   For  findlfiK  the  dt^irmee  Mwten  tte  r^firweUm  ^  a  star  end  60^  ; 

also  fij»g»  correnonding. 

TABLE  XVin.  Forfindinif  tht  difference  between  the  correction  <(f  the  *im»«  dtitaie 
for  parallax  and  refraction  and  bO',  m  logarithm  a >rrespoti ding  thereto, — The  numner 
of  taking  the  numbers  from  the  two  preceding  tables  is  explained  in  page  167,  and  the 
uses  to  which  these  tables  may  be  applied  are  explained  in  pages  167  and  174. 

TABLE  XIX.  For  findingaeorreetion  and  logwrUhmusedki  the Jbnt  method ^  wmh^ 
ing  a  hatar  observation. — The  corrf  rlion  found  in  this  table  Ix-ing  snbtracted  from  59' 
42*'  will  leave  a  remainder  equal  to  the  correction  of  the  moon's  altitude  for  parallax 


^^ill^^S^^l***  com<:lI«i.romdbvtJictatikbeuc1itto  be  decriascd  to  tbe  lalla  sf  Sib. 
>4h.1mBSi(l  bgr  lbs  datty.dlflVicace  oT  Ihe  that  of  £•  msm's  p«f»iag  Ut  i  " 
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>n.    It  will  be  unnecessary  here  to  point  out  the  method  of  tddng  ool  tkie 

rorrertion,  as  it  is  fully  rxplaiiip(l  in  \ho  fir?>t  pns;^!'  of  the  tahlo.  It  may  not,  however, 
be  amu9  to  observe,  that  ai^er  eonstrucling  tbc  logarithms  of  this  table,  it  was  concJu- 
ded  to  eulitfoel  IhoreflroM  die  greatest  correction  of  the  Table  C  eorreepondinf,  in  eider 
to  render  those  corrections  additive.  Thus  the  laijnrithm  corresponding  to  tlic  alt.  SO** 
and  hor.  par.  54',  was  found  at  fint  to  be  2372 ;  and  lur  the  bor.  par.  H'  10  "  the  correc* 
tioBWMtSM  fo  thnt  if  these  numbers  hadbeen  published,  the  correction  Ibr  seeondsoT 
parallax  would  have  been  subtractive  ;  but  as  this  would  have  been  inconvenient,  it  was 
thought  expedient  to  subtract  from  each  of  the  numbers  thus  calculated,  the  greatest  cor- 
responding correction  of  Table  C,  which  in  the  preceding  example  is  12  ;  by  this  means 
the  above  numbers  were  reduced  to  2360  and  2346  respectively,  and  the  corrections  of 
Tahlf  r  nerr  rendered  additive.  In  n  similar'nianner  the  re^t  of  the  logarithms  of  the 
table  were  calculated.  It  is  owing  to  this  circumstance  that  the  corrections  in  Table  C 
for  (T  of  paiiUax  are  greater  than  for  any  other  number.  Similar  methods  were  used 
in  emulating  the  other  numbers  of  this  table,  and  in  armnging  the  Tables  A  and  B. 

TABLE  XX.  Third  emrectUm  of  Ihf  apparent  i/is/ance— The  method  of  findii^  the 
cotrectfon  ftom  diis  table  te  explained  in  pages  168,  174. 176. 

TABLE  XXI.  To  reduce  longitude  inlv  time,  and  the  contrary.— In  the  firs^t  column 
of  thu  table  are  contained  degre«8  and  minutes  of  longitude,  in  the  second  the  corres* 
ponding  hours  and  minutes,  or  mfamtes  and  seconds  of  time :  the  other  columns  are 
n  continuation  of  the  firrt  and  eecond  reipectifely.  The  use  of  thb  table  will  efideatly 
appear  bj  afev  examples. ' 


EX  AMPLE  I. 
Required  the  time  corrrfpoadiag  to  £00  31'  ? 

h.  ID.S. 

Oppokilc  MO  in  coU  1  U  3  20  0 


EXAMPLE  II. 

R>>qiiir(tl  1  h«  dcfrces  and  minutes  correspODdiD|; 

toClj.  jiJin.  .IK.  ? 

Opiiotiie  th  S2m.  0$,  In  coL  4  is         98*  0^ 

I    M  inciil.Sls  20 


8SS4  9  U   »  «St 

TABLE  XXII.  Proportional  Lcj^nrithma.—^Thc^c  lo^aritlim.^  arc  very  useful  in  find- 
ing the  apparent  time  at  Urcenwich  corresponding  to  the  true  distaucc  of  the  moon  from 
the  sun  or  star,  as  is  explained  in  page  168.  Tbcy  maybe  also  used  like  common  logs* 
lithne,  in  woridng  any  proportion  where  the  terms  are  giren  in  degrees,  mitmtes,  and 
seconds  ;  or  in  hourr?^  minutes,  and  secoiuifi,  ns  in  the  examples  pa^e  177.  The  table 
ia  ext4:ndcd  only  to  3  '  or  3h.  and  if  any  of  the  terms  of  a  given  proportion  exceed  3° 
or  3h.  70a  majr  take  all  the  terms  one  grade  lowor ;  that  is,  reckon  degrees  as  minutet« 
minute-  as  seconds,  &c.  and  work  the  proportion  as  before  ;  observing  to  write  down 
the  answer  unejprade  higher ;  that  is,  you  must  estimate  minutes  as  degrees,  seconds  as 
nunotea,  tee.  Instead  m  taldng  aH  the  terms  one  frade  lower,  jon  may  chaaga  two  of 
the  terms  onlVr  vi^.  one  of  the  miiMlc  ^cnns  and  one  of  the  extreme  terms;  thus  the 
1st.  and  3d.  or  the  lit.  and  2d.  m^j  be  taken  one  grade  less,  and  the  fourth  term  will  bo 
given  correctly ;  but  if  die  fourth  term  bo  taken  one  grade  less,  jou  must,  after  woridng 
the  proportion,  write  it  one  grade  higher,  aa  b  evidenu  To  iOustrate  tUa  we  ihaD  give 
the  following  enuuplea. 

EXAMPLE  L  1  ^  KXAKKB  n. 

If  in  15   lO"  of  time  tbe  »iin  rines  SO  W  bowl   If  the  sofl'W  dseltwitleii  elMUMS  ir  19"  ia  S4 
will  il  rise  in  ">  10   at  ihe  «aine  rate?  ibnurs,  hnw  much  vrllMt  cb«nfe  IB  Ib.2ini9 


I»  to 
So  is 


15' 


3 


10" 

40' 

10' 


I'rop  Lu;,- 
Prop.  lA>e- 


To     »'  24"      Prop.  Log. 


ar.  CO.  8.9256;   Here  I  he  l«t  aud  3d  terms 

.    .05t'J,pradc  W-". 

1.7547  As       21    0  "       r.  L.  sr.C*. 

  U  in    IR'  W  P.L. 

.731  =.  .So  is     8'    2"      P.  L. 


To 


6<  J8" 


r.i. 


to  uAaaaa 

ai949 
1.049e 

13179 


EXAMPLE  III.  I  ^^^^hlLF'iL^ 

IT  la  I2h.  the  n»oon'«  loilfllods  failSS      I*  Wboif    If  in  16'  the  sua  lISSS  ••tT  kew 


vUltovan  in4h.aOin.! 
I  ad  lie  MS  mast 


As      IV  V 
tale    7  1 
flab  4  90 


P.L. 
P.I. 

r.i.. 


ri»e  in  3  10"  ? 

be  tdwa  MS  frade  Hrre  dit  9d  aad  4ih  tarn  Mstbe 

tirade  le»«. 

f:.325- A*       16'    0"      nr.  CO.  P«Ii» 


ar.  CO. 


1.4091 


i.6iHaoto 


ij»i<rs 


Is  to 


3  27 
3  10 


P.L. 

r.L. 


0-  41"  r.L. 


win  11 


1.7175 
1.7517 

2.4710 


Wbkb  taken  «w  grade  Uglier  is  41',  Uic  answer 


To      2*  92"  2"'  P.  L. 

Which  takon  cms'  giade  higher  Is  2*  tt'  ST'  dw 
answer  required. 

TABLES  XXIII.  For  finding  the  latitude  by  two  eMfwto  of  the  ytm.— The  manner 
of  using  thb  table  is  explained  in  page  1 39f  et  seq. 
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TABLE  XXIV.  JVkteroi  S/nrt.— This  table  contaiotjawmlttal  sine  and  ro-sine  Tor 
fvery  minute  of  the  quadrant  to  the  radius  lOOOOO,and  is  to  be  entered  at  the  top  or 
bottom  with  the  degrees,  and  at  the  side  marked  M.  with  the  mioates.  the  eonreapondio|; 
mtmben  will  be  the  mttond  tine  and  co-iAm  respectively^  obterring  that  if  tbe  dugmw 
arc  found  at  the  top,  the  name  sine,  co-sine,  and  must  also  be  found  at  the  top,  and 
the  cootrarr  if  the  (iegreea  are  fouud  at  the  bottom.  Thiu  43366  i«  the  natural  nne  of 
di' ortte  eo-dne  of  640 18". 

TABLE  XXV.  Ij>f;arithmu:  sines^  tangenUy  and  secants  to  trery  point  and  quarter 
fohU  0/  the  compass. — This  table  is  to  be  used  instead  of  tabic  XXVU.  when  the  coum 
is  given  in  points.  The  course  is  to  be  found  in  tbe  side  column,  and  opporite  therala 
will  be  the  log.  sine,  tangent,  &c.  Tbe  namea  beiDgfoand  •ttho  top  v^M  the  itmatk 
less  than  4  points,  others  ise  at  the  bottom. 

TABLE  XXVL  LogarUhms  <{/'  Atimier«.— The  explanation  and  uaea  of  this  table 
are  ghea  in  page  28,  et  seq. 

TABLE  XWii.  iigarMM(fliwt,1\^gMff,«»d&cmte<--1^ 
in  page  33,  et  seq. 

TABLE  XXVIIL    For  reduemg  the  time  nf  the  Moan'a  V**^  ^  ^  mtHOm 
ChrtentoUh,  to  the  Ume  of  her  pmMge  teir  «iy  «lA«r  flMrMlm.— The  MBDer  «f  dobig 
this  is  explained  in  pa^p  124. 

TABLE  XXIX.  Correction  0/  the  JMoon^s  allUude  for  paraUax  ami  rejro^iim, — Tbe 
maen  correction  of  the  Mdoo^  tlUtade  it  given  in  this  table  for  every  ^^PM  ^  MmSm 
ftom  10^  to  9<F.    The  manner  of  using  this  table  is  explained  in  page  126. 

TABLE  XXJL.  For  rtdudng  the  MoonU  dedutation  giten  in  the  /fauticd  jUnumae 
Jtfmammti  wMMfA'  ^  GrummliA,  le oay  Uktr  Nme  vrndtr  my  '^Atr  nMrMfan.— ne 
manner  of  using  this  table  is  explained  in  pcge  125.  In  addition  to  which  it  m.\T  bo  ob- 
served  that  I2h.  are  marked  both  at  the  bottom  of  the  left  hand  column  and  at  the  top  of 
tbe  right  hand  column  \  but  this  can  cause  no  embarrassment,  because  when  tbe  time  at 
Greenwich  is  12h.  the  derliiwHieii  omat  betekea  ftwB  the  Neiitical  AinieiiiB  Itar  bU- 
Blj^C,  without  any  correction. 

T'ABLE  XXXI.  For  reducing  the  Sm's  right  ueension  in  tinu,  a$  gbm  i»  tte  Aau> 
Ueti  JUmmm  fir  noem  el  €hrtenwi^  io  ony  «mr  ibm  imder  mtf  cfW  vurUlm.— TUa 
table  is  useful  in  finding  the  Sun's  right  ascension  at  any  time,  by  means  of  the  right  as- 
cension given  in  the  second  page  of  the  Nautical  Almanac  for  noon  at  Greenwich.  This 
table  must  be  entered  at  the  top  with  a  daily  variation  of  the  sun*i  right  ascension,  and 
in  the  left  hand  column  with  the  given  tlnoo  IWmi  DOOHt  or  in  the  right  band  column 
with  the  longitude  of  tbe  place  ;  under  the  former,  and  opposite  the  latter,  will  stand  a 
correction  in  minutes  and  bcconds,  to  be  applied  to  the  sun's  right  ascension  at  noon  at 
Oreeawieh.  The  correction  foiiod  with  flw  tine  IWmi  boob,  is  to  be  added  in  the  efterw 
noon,  but  subtracted  in  the  forenoon  ;  and  the  correction  found  with  the  kwgitiide  of 
the  place,  it  to  be  juided  in  weat»  but  aubtracted  in  east  longitude. 

laileed  of  flodbig  the  correction  eeperetety  for  the  longitude  of  the  place  end  the  time 
tttUk  Boon,  you  may  find  tbe  whole  correction  at  one  entry,  in  the  following  manner  : 
Turn  the  ship's  lonptude  into  lime  (by  Tab.  XXI.)  and  add  it  to  the  given  time  when 
in  west  longitude,  but  subtract  the  longitude  when  east ;  the  sum  or  difference  will  be 
the  tiBM  at  GreeBwkh ;  find  this  Ume  in  the  side  eohmn*  and  the  dailj  variation  at  the 
top,  corresponding  tc  which  nill  be  the  sought  correction  ;  which  U  tO  he  added  tO  the 
jua'arisbt  ascension  for  the  preceding  noon  at  Greenwich. 

EXAMPLE  I  f  EXAMPLE  II. 

RMttircd  tbe  (un'f  rt^ht  a*c^n«.iun  i\t  noon,  Mii>|    noquirrd  tbe  sun's  riplit  ri»rep»iiir>  lit  pooti,  June 


84,  IE20,  tea  oc-ount,  in  the  lon^;iiuile  o(  45^  W. 
from  Grmiw  ich  • 

May  34*  M«  arcauni  \$  May  23.  iiy  N.  A.   The  siut'» 

rlcht  aicension  hy  N.  A*  Mt  Green w. 
Corr.  Tab.  XXXI.  for  45*  kmc.  aad 

ddlf  var.4aktw&  atfd 


2i,  \B2t\  wa  account,  la  ibf  loiigiluile  nl  lISP  E. 
from  Greentrirh  t 

■fone  24,  tea  account  U  June  23,  liy  N.  A.  on  wkidl 
daj  at  noon  iLe  «unVs  rii^ht  n.oc.  wflt    6fc.  Bb.  IS» 

Ooir.  Talk  XXXL  forilOO  hM«.  I 
lUlir  VartillM,  IB.  t^ 


MgM 


4  t  J6 


Rifbt 


6  «  «l 


EXAMPLE  III. 
Reqnired  tbe  tun's  ripbi  nsoensinti.  May  24,  1820 
at  4h.  P.  M.  tea  nrrount,  in  lung,  of  4jiO  W  } 
n.  A.ai  no«ii  in  l'in<;.  46°  W.|^E|.L  4h.Qn.4As. 

Oirr.  te  TtikXXXL  for  4b. 

add  40 


EXAMPLE  IV. 
Required  the  san't  ripht  ascention,  June  24^  tM^ 
i\t  'Jii.  A.  M.  Mrn  accoont,  in  Ump.  of  120*  E  t 
K.  A.at  noon  in  lonf.  I20O  E.  bv  &ull.  6b.6in.3S<. 
Om.biTab.XXXtfoFlShimi«  S  4 


ft.  A.  May  34,  ino,  M4h.  P.  IL 


•hom 


I  M 


4  1    as  R.JL  June  S4,  1808,  •(  9h.  A.M. 


e  M  o 


hallaie  at  Orecowicb  be  more  thui  I2b.  yoo  nast  first  take  out  tbe  correctlsn  for  12b.  and  tlirn 
•M  «f  IN  liwi  fte  n»  er  ilMa  two  fKR  bt  tht  mvinlMk 
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( *»5 ) 

Tbe  third  taA  IbiBth  ctMiiplM  anjbe  wpiM  Ibjr  ft  ringl*  entiy  of  TUde  XXXf. 
ms  foUowa. 


EXAMPUEIII. 

4.  Ik.  Ok 

GlvM  dme  by  N.  A.  Hay  2S  4  0 

Long'.  4SO  in  tine  add  3  0 

Time  at  Greenwich  »^  7  8 

h.  m.  « 


6ttii)i  B.  A.  Hurts, at  nooa  bf  K.  A>         4   0  25 Son't  R.  A.  Juoe  23,  at  noon  6   I  t 


1  11 


SSUkMPLE  IV. 

d.  h.  in. 

GifftDlbMby  N.  A.  JOM  S3  21  0 

Lnnf.  19)0  In  time  >  • 

Tiineat  Orernn  ich  23   13  0 

b.  m.  s. 


CMT.TIKkZZXI.  fur  1211.  f  5 

for  111.  10 


San'f  R.A.  Bt4h.  P.M.  4  I  88 

MffNi«g  lb  from  Uw  farmer  nctbod.  IBwi'f  R.  Ju  21b.  Oa.  6  SO  16 

If  you  wish  to  Gnd  accurately  the  time  that  any  star  comes  to  the  meridian,  or  the 
time  of  rutM  or  •citing,  ro«  rnuat  take  tlie  win't  right  aacen»ioii  for  noon  at  Urecn- 
widi,  llroD  fbe  Nautieu  Ahnanae ;  then  tfie  •lar'a  r^t  aaeenafon  flrom  IWUe  IHI.  and 
with  thc«e,  find  the  approximate  time  of  riaing,  setting,  or  coming  to  the  owiififtD,  by 
the  method  already  gi\cn  in  the  precepts  for  using  I'ables  Vlll.  and  IX.  Then  calculate 
the  »un*s  right  ascension  for  this  approximate  time,  and  repeat  the  operation  till  the  aa- 
sumed  and  calculated  times  agree,  and  you  frill  have  the  tni8  tiaoe  icqilired* 

T«  txfbuk  ^  BMthod,  1  ahaU  gira  th«  CMlowing  anmples. 


Thjkidtkt  time  wkmm  alar  MmMitlhMmuriMmt, 

rXAMri.K  I.  -  EXAMPLK  II. 

At  n  hat  tJme  wa«  Aldebanui  on  tbe  merkUan  oO  At  what  time  wnt  Pollux  on  tbe  meridian  o<'  a 
a  place  ID  the  lon|lMda«r  180  80^  W.Jaa.  8^  l8S0.ip1iice  in  tbe  lonritatfa  aT  10*       W.  liM«h  SI, 

*r»  account  T  !  I  dW,  »m  account  r 

Jan.  2,  »e«  arctniiit,  i<  .I,in.  1,  N   A,  en  'March  31,  tea  account,  is  March  SO,  N  A. 

which  day  tlic  luu'i  U.  A  at  nouu  at  b.  m.  t-j  on  which  dajr,  at  noon,  the  lun't  right  h.  n^.  < 
Greenwich  WB»  18  48  4<>!  luion  was  ,     0  35  41 

Aldebwaa'a  JL A.        4b.3din.9Gs.  Tbts, SHbcraetcd from R.  A.  of  FoUns         7  34  17 

MM  SI   

'  98  85  88  ApproxiuMte  ttme  of  loaUitaK  6  48  86 

I'sBTTlMa'-  ' 


mm  mtaMm  at  mnft  ft.  A.  te  tUt  cfoM  la  AadftrihalMkf.  70048'  W.oT  Ommmt. 
^Ifetlai^afflPMr  W.  from  k.  m.  t. 

QfWMMdLlflal  ll  WM  18  48  8fl  Tbe  cam  of  theM  tw«  correetlom  It 


Conxion  of  tbe  san's 


afttwwa  ji  lha  iwimilaiafi  dwa.     .    0  4]  4a|  MUU.fordiU  UaMis_  __ 


1  47 

which  subtracird  from  the  npproxiaata  dm*  of 
foutliing  6b.  A61D.  3t>s.  leases  the  IrtM  ItaM  61k 


888  f|  86m.  4HI. 

TIm  flMlhod  (n0tA  is  the  loat  ennple)  of  applying  th«  eorroetioni  loth*  ■yprazlaiato 

time,  instead  of  applying  them  to  the  riglit  ascension  of  the  will  be  found  the  most 
eiyaditiooa ;  btit  it  must  be  noted,  that  Um  correctkNy  to  be  applied  to  the  approximate 
tinw  Mst  hare  a  contrary  sign  to  iHmK  iSmj  mdA  have  when  applied  to  the  right  aa- 

To  find  the  thru  of  rising  or  adiing  of  a  tier. 

RoLS.  £Dtcr  Table  IX.  with  the  declination  of  the  star  at  the  top,  and  tbe  latitude 
of  the  plaoe  at  the  side  ;  the  corresponding  number  be  tiM  time  of  the  atai^  eon- 
tinuance  abore  the  horiion,  when  the  latitude  and  declination  are  of  the  L^anie  name ;' 
but  if  they  arc  of  diflerent  names,  the  tabular  number  subtracted  from  12h.  will  be  the 
time  of  continuance  above  the  horizon.  Add  this  time  to  tbe  starts  right  aj«ceni<ion,  if 
yea  wiah  to  And  the  time  of  aettfaif }  hul  anhtract  thefonner  flrom  the  latter  if  you  wiili 
the  time  of  rising.  From  this  simi  or  difTerence  subtmct  the  yiin's  right  a»ccn«ion*  cor- 
rected for  the  loogKude  of  tbe  place ;  tbe  remainder  will  be  the  approximate  time 
aoQghtt  Enter  Table  XXXL  with  the  diataooe  of  thit  approshnate  time  ftora  noon, 
and  the  daily  variation  of  tbe  aun's  right  a<iccneion  :  the  correction  corresponding  is  to 
be  added  to  the  approximate  time  in  the  forenoon,  but  aubtracted  in  the  afternoon,  and 
you  will  have  the  corrected  time  of  rising  and  setting. 


•  Increa«ing  the  numi)er  from  which  the  fubtrartlon  Is  to  l»e  made,  lijr  84  bp«irs.wben  neces»nry. 
t  ReJecUng  24  hours  when  it  exceeds  24  hours    If  the  time  of  rUlnf  ar  MlUngboawrt  UMIB  tSh. 
U  wiUba  after  mldoighl ;  bnt  if  kn  tbao  12b.  It  wlU  ba before  midnislit. 
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EXAMPLE  I.  I  EXAMPLE  U. 

A>  ^^  bat  time  did  Uie  sur  AMcbanm  set,  Haj  24.  At  wluit  lime  did  the  Dog-Star  Sittel  rilc  in  ll« 
1  .0.  so^i  account,  in  llw  latlttMle  of  SIB  JS*  N.  and.latiluite  S'O  20'  N.nnd  the  loOKltodeof  760  JO*  W. 

ihc  loiiKiiude  of  770  \V  7  jJun.  2,         s«a  account? 

Tlir  Ktiu-'«  dccliiKitioo  wiu  IQO  8' N.  nnd  the  lati- Tiic  »tai  's 'declination  is  160  SS"  8.  and  the  latitude 
tiide  33^  5a  N.  coiTCSpondiaK  to  wliicll  in  Tablrj    is  K9C  20  N.  corrt^sponding  to  whick  in  Tablf  I X- 


8lar'«  rigbt  uosnsioa 

Sam 

Itay  H,  wm  aec  or  May  23  fev  N.  A* 

It  MOD  ton's  lU  A     4li.  Oni. 
Oafliii»lonc.770W.  I 

Stun  subtract 

Remains  appruximate  tinte  Of  WMlaf 
Oovr.  lalttb  XXZL  te  lb.  l8iB.nb. 

Corrtdid  liM  of  «tttiiif » r.  H. 


4   26     Wliicb  sutiiracletl  from 

11   30    Leares  the  time  of  the  ftar**  bdBg  above 
the  bortson  * 
SubtiMi  fraa  ataa^  B.  A> 

aeaMlndcr 

lAdU 


10 

I 


Stun 

l  inn.  2,  sea  arc-  or  Jan. 
—   i   noon  sua'k  U.  A. 
18  loan,  for  Hag.  wavvr. 


l,bv  N.  A.  at 
IBh.  44iu. 
1 


SidiCnKitbe 


Remains  nppmxim.  time  of  rUing 
Corr.  in  Tab.  XXXJU  for  6h.  48id.  tub. 

Oorr.tiae  of  ridnf  In  the  tAonooM 


41 


TABLE  XXXII.    Var'.itlion  of  the  itin's  aUitude  in  one  minuie  Jromiwm, 
TAAL£  XJLXllL    To  reduce  ihr  numhn-s  of  Table  XXXII.  to  other  gkfm  MerMU  ^ 

•  ttine  jrom  noon. 

The  BMtiiod  of  oiiiigthe  two  preceding  tables  is  explained  in  page  150  and  151. 

TABLE  XXXIV.  Errors  arising  frp!'i  a  deriation  of  V  in  tht  surfaces  cf  the  centrat 
mirror. — This  table  shows  the  error  arising  in  measuring  an  angle  ^bjf  an  instrument 
of  fttfleeQon  limn  a  deviation  of  1'  in  the  pManeKnn  of  the  surfaees  of  the  central  ^lfa^ 
nrt  the  line  of  intersection  of  those  surfaces  (produced  if  necessary)  being  ix  rpendicu* 
lar  to  the  plane  of  the  instrument.  If  the  line  of  intersection  be  inclined  to  thai  plane, 
the  numbers  in  the  tabic  inu^t,  in  general,  be  decreased  in  proportion  to  ibc  Bine  of 
the  angle  of  inclinaiion. 

The  second,  third,  and  fourth  columns  of  the  table  are  calculated  upon  the  supposition 
that  the  surface  of  the  horizon  mirror  is  inclined  80'-'  to  the  axis  of  the  telescope,  or 
that  the  angle  intercepted  between  tiie  ray  ineident  on  the  horizon  glasa  and  the  eone»> 
ponding  reflected  ray  passing  through  the  tclopcopc  is  20'-,  which  is  the  rn>r  in  ciiruKir 
instruments  of  De  BohdaN  construction,  and  on  this  suppositiou  the  errors  of  an  in- 
atrument  in  measuring  different  angles  may  be  ascertained  by  the  rules  m  pages  9S  and 
106 ;  when  the  intercepted  angle  ia  fpeaier  or  less  than  20^,  which  is  Ibe  case  io  most 
sextants  and  quadnint.i,  the  error  in  any  measured  angle  coifeapondiog  to  an  iDoliBatiim 
of  the  surfaces  of  1',  may  be  obtained  as  follows.  * 

Find  in  the  tnt  eohimnthe  intercepted  angley  and  the  sun  of  that  ang^  and  the  eb» 
served  distance  ;  take  the  corresponding  coiieetions  froneolonn  Sth,  and  their  dilfcx^ 
ence  will  be  the  sought  coiTrection. 

In  •  dreular  hMdmnient  you  must  find  in  the  side  column  the  sum  and  the  differenee 
of  the  intercepted  angle  and  ohserred  angle,  and  take  out  the  corresponding  CfMrrections 
from  column  r)th,  half  their  ditTrrence  will  be  the  sought  rorrrrtinn.  Havin^thus  found 
the  correction  corresponding  to  1',  you  may  find  the  correction  lor  otbcr  angles  as  io 
pages  98  and  106. 

TABLE  XXXV.  Correction  for  a  deriation  of  the  telescope  of  an  inttrtfv\ml  of  re- 
Jlection  from  the  parallelism  to  the  plane  of  the  instrument. — The  uses  of  this  table  are 
explained  in  pages  9T  and  105. 

TABLE  XXXVI.    CorrteHon  of  the  memrefraetUinM^^^  ^^g^it**^  ^^^'^^ 

ter  and  thn-momelrr. — The  use  of  this  table  is  explained  in  page  108. 

TABLE  XXXV  IL  LMtihulea  and  Ijongitudes  of  the  fixed  Stars. — This  table  contain* 
the  Latitudes  and  Longitudes  of  the  principal  fixed  start,  adapted  to  the  beginning  of 
the  year  lSi20,  with  the  annual  \nriTfio!)^  for  precession  arid  the  s^rcnlrtr  equation,  l  y 
wltich  the  mean  values  at  any  time  may  be-  obtained,  in  lik^  manner  as  the  Right  Ascen- 
oona  and  declinations  are  firom  Table  ¥11 L  ;  by  adding  Ae  correction  of  longitude  after 
1S20,  subtracting  before  1B20,  and  applying  the  correction  of  latitu^wiUl  the  sane  sign 
as  in  the  tabfe  aAcr  1820,  hut  with  a  contrary  sign  before  1820. 


Diyiiizea  by  Google 


EXAMPLE  I.  lUqoindtheLoiiiitndeuidUtH^ 

Lop?.  f;T  Table  XXXVII.  llg.  VP  58'  Ai'  L«iiti,rfr  br  Table  XXXVH.  44  S. 

Variation  1  year  6) m.  tab.  1'  15 

lon^.  July  16,  1813  II    20  67  SI 


Varuuuu  1  jear  ^^lu.  iuU. 


19  24  44  N. 


EXAMPLK  II.    Requited  the  Longitude  and  Latiuulc  of  a  Pegasi,  Jufy  1,  1S227 


Tabic  XXXVU.  lit.  900  AT  44 

It  SI   «  « 


UiUade  bj  T»b|«  XXXVO.  19»  M'  44"  M. 

MMlM||fMi«,edd  0 

tMMiiieJolf  l,ias  It  M  44  N 


The  latitudes  and  loogitudes,  thus  obtained,  are  the  mean  Talues.  When  ^reat  accu- 
ncy  is  required,  the  eorrcetlons  Ibr  <he  ttptmoa  of  tbe  equiooxea,  Table  XL.  tad  aber- 
ration, Table  XLI.  must  be  applied. 

TABLE  XXXVIIL  Reduction  of  latitude  md  horisonttd  parailax.— This  Ubie  con- 
tains the  corrections  to  be  subtracted  from  the  latitude  of  the  place  of  ebMrration,  and 
iVom  the  horizontal  parallax  of  the  Muon,  given  in  the  Nautical  Almanie,  in  calcutotii^ 
erlipsri  of  till  Siin  or  occultations.  Thus,  if  the  latitude  of  the  place  waa  40",  and  the 
MooQ^B  bonzoutal  parallax  57',  the  correction  of  latitude  would  be  nearly — 11'  IS", 
and  that  of  |>anUax-4".7,  ao  that  the  ndueed  latitude  wotdd  te  39^  dS'  42*,  and  the 
reduced  parallax  Tifi'  55". 3.  These  values  arc  to  be  ufcd  ia  oeeultations,  but  in  ec1i|pes 
of  the  Sun,  Urn  parallax  is  to  be  further  decreased  by  ^".6  for  the  Sun's  parallax.  When 
the  latitadeianotgifeii  eneUjr  In  the  taMe,  the  two  neareit  nunibeta  nnist  be  firaad,  and 
a  proportional  part  of  their  difference  i»  to  be  applied  to  one  of  the  numbers,  as  uenaL 
In  calculating  this  table,  the  ellipticity  of  the  earth  nan  supposed  efjual  to  7,55.  a»  in 

the  third  edition  of  La  Laudc'i  Astronomy,  and  in  Vuice's  Astronomy.  This  ralne 
diflbm  but  little  firon  ^^^-^  and  ^j-.^^,  dedueed  by  La  PboefltNB  tiro  faiaar  cqaa- 

tlona  in  the  third  voluine  of  his  immortal  work,  f^t  Mecminur  CdesU,  In  the  second 
▼olume  of  the  ^amc  work  he  calculated  the  ellipticity  to  be  ^Ij^  from  the  lengths  of  pen- 
dulums ob^rrvcd  in  different  Intitu'les  thi^  calculation  corrected  for  a  smalf  mistake  in 
the  nuiiierical  cocfficiGnt  of  y  lu  the  tcuUi  of  his  equations  A "  becomes       which  docs 

not  differ  very  much  from  the  value  assumed  in  this  table. 

TABLE  XXXIX.  Merratim  0/ the  PtaMU.^Thin  table  contains  the  aberration  of 
the  planets,  to  be  applied  to  the  true  longitude  or  latitude,  with  the  smne  sign  as  in  the 
table.  The  argument  Jit  the  side  is  the  elongation  of  the  planet  ttom  the  Sun ;  that  is, 
the  diflerence  of  their  geoeentrie  longitude*,  or  its  supplement  to  MMK'.  -l^na,  on  July 
19,  1820,  the  longitude  of  the  Snn  n  a^-  "^s  26^  38',  the  Geo.  long,  of  Venus  4s.  13°  23', 
their  difference  16-^  45'  is  the  elongation  or  distance  from  the  infiurior  coi\junction,  oor* 
leaponding  to  whieli  ia  tiie  aberration  +  3''  to  be  applied  to  the  tme  longitude  given  by 
the  tablet}  to  obtain  the  apparent  longitude.  The  aberration  of  Mercury  is  gifan  at  Its 
prenttst,  least,  and  mean  distances  from  the  Sun.  At  the  intermediate  places,  a  fffOpOli" 
lional  part  of  the  differences  of  the  nearest  tabular  luuubers  must  be  applied. 

TABLES  XL.  &  XLL  Equation  of  the  Eqidnoxet  and  MerraiiM  in  Ukgtluie,'-^ 
Table  XL.  contains  the  equntinn  of  the  equinoxes  in  longitude  common  to  nil  the 
)ica\  c(ily  bodies.  The  arzumcnt  is  the  longitude  of  llie  Moon's  ascending  node,  given 
in  page  ni.  of  the  Nautieu  Alnanae,  the  aigns  of  longitude  bei^  foond  at  tta  tof  or  bot- 
tom, and  the  drgrer«  at  (he  side,  the comapondiag  nanber  with  ita  a%Biatha  aquation 
of  tbc  equinoxes  in  longitude. 

Table  XLI.  contains  the  aberratioQ  of  thestan  fai  longitude  and  latitude,  to  be  calcu- 
lated by  the  rules  at  the  bottom  of  the  tables.  The  s^ns  of  the  argument  being  Ibaad 
at  the  top,  and  the  decrees  at  the  side,*  taking  proportional  parts  for  minutes.  The  cor- 
rections of  longitude  found  lu  these  tables,  are  to  be  applied,  with  their  signs,  to  the 
mean  kmgitode  found  in  Table  XXXVII.  and  the  correction  of  latitDda,  TaUe  XLL  Is  to 
|>e  applied  to  the  mean  btitufic  deduced  from  Table  XXXVII.  Thii5  on  July  16,  1820, 
by  the  examples  at  the  bottom  of  Tables  XL.  XLI.  the  equation  of  the  equinoxes  was 
Jl  and  tha  aheRation  in  longitude  4- these  comctions  being  applied  to  the 
mean  longltiide  of  the  !«tar  deduced  ft-om  Uble  XXXVII.  1 1s.  20^  59"  11"  gives  its  ap- 
p«rent  longitude  lis.  20^  '>^'2V'.  In  a  similar  manner  the  aberration  in  latitude 
^  9^.6,  found  at  the  bottom  uf  1  able  XLL  applied  to  the  mean  latitude  19°  84'  44"  N. 
Miieed  flmTkUa  XXXVIL  gitat  tha  apptnat  latiiwteof  the  star  19»  1^ 


•  The  cleere«i  in  this  aad  the  fellowlaf  tsMcs  aie  la 
horizontaiune  with  the  sIgM.  Tbni,  if  the  d|BS  are  ul 
00  the  left  coluaiB,  edNnnsa  ia  the  richi. 
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T.\ BLES  XLII.  XLIII.  Merration  and^f^ion  in  Right  Mansion  mid  Dwlmirtitn. 
Table  XLil.  contains  the  aberratiooi  and  TaUtt  XLill.  the  NuUtioo  ia  Bkht  Air<imion 
afM)  Declination,  ti>  to  IboM  bftli»i«lai  at  ttotottm         MUea,  wft  ^ppHtdl  vMi 

their  signs  to  the  mean  talues  deduced  from  Tabic  VIII.  Thun  by  Table  VIII.  the 
liight  AscoDsion  of  a  Pegasi,  July  16.  1820,  was  22h.  65'  49".6,  and  its  declination 
14"^  14'  10'^  N.  The  aberration  of  Right  Ascension  in  time  waa  nearly  +  0^.8,  ia  deeli- 
*iialiMi  —  0".7.  Tbe  Nutation  in  Right  Ascension  in  time— 0^.1t  fal declination  — 2".2, 
Its  appears  by  the  examples  at  the  bottom  of  the  tables.  Ihese  corrections  being  applied 
to  the  mean  values,  give  the  apparent  iOght  Ascension  22b.  55'  50".3,  and  the  apparent 
decUMtionUOirrN.  The  aqoatiott  flf  Ito  oMiqnitf  of  tba  ecliptie  anj  tecMi. 
ted  br  the  nile  at  the  bottom  of  the  table.  Thus,  on  July  16,  1820,  the  equation  was 
-f-  which  applied  to  tbe  mean  obU^nitj  23^  2r  48 '.2,  (ires  the  apparent  oUiftii- 
ty  23*^  27'  57". 7. 

TABLE  XLIV.  JugnunUOon  of  the  Moon't  Sem{.dMmet(r.—Tbu  tablt  b  divided 
into  fcmr  parts,  and  is  useful  in  finding  the  augmentation  of  the  tnoon*s  scmi-diametcr 
bj  means  of  the  altitude  and  longitude  of  the  nonagesimal  when  Uic  moon's  altitude  ia 
'wknowa.  Hm  preeepta  for  tUs  ealcalatioo  are  given  at  the  bottom  of  the  table,  and 
for  Airthcr  Illustration  another  example  is  added,  in  nbich  it  is  required  to  And  theaog- 
mentation  at  the  commencement  of  the  occiUtation  calculated  in  Problem  TIL  of  the 
Anendix.  wlien  the  D  S.  D.  by  tbe  Nantical  Abnaaae  waa  Ift*  t9r,%  ber  tnw  lattlnde 
ir  8.  parallax  in  let  iC  23*.6,  altitude  of  the  nonagesimal  81^  17'  32",  and  tbe 
moon's  apparent  distance  from  the  nonagesimal  51  ^  iS'  *26",  a»  in  Example  III.  Prob.  V. 
Appendix.  In  this  ca.sc  the  arguments  of  Part  I.  are  81  17'  32"  -f  51"^  38' 26"  or 
llMr^4a.  18°  56'  an  J  Os.  29^  39',  and  the  corresponding  corrections  +  6".0O,  -^M, 
Mhose  ram  is  rO".05.  This  in  Part  II.  gives  4-0".lO.  In  Part  III.  with  the  moon's  true 
latitude  1^  55  11"  S.  and  her  par.  in  Ut  10'23".6,  the  correction  is  —0^.10.  The 
warn  of  theae  tbfee  parte  ia  10^,05,  wMeh  belnsfotnid  at  tbeaide  of  Pail  IV.  aotftha 
moon's  horizontal  S.  D.  \&  18".9at  the  top,  gires  the  corresponding  correction  -f-  0".40. 
Thb  connected  with  the  three  former  parts  -f  10".05,  gives  the  sought  augmentation 
10".45,  or  10".4,  as  in  the  example  Prob.  VII.  Appendix.  It  may  be  ubserrcd  that  the 
cakulation  by  Problem  IV.  will  aoiBetimes  produce  the  supplement  of  tbe  altitude  of  the 
nonag^^imal,  but  this  rcq<iircs  no  alteration  in  the  nilOi  ainee  the  MUlt  ia  thft  iUW 
Wbethcr  the  altitude  or  its  supplement  is  used. 

TABLE  XLT.  EquaHon  of  Seemtd  Df^kreneea.— TUi  table  eontalDs  Hie  aqiiatloa 
of  the  second  differences  of  the  moon's  motion,  or  the  correction  to  be  made  on  account 
of  her  unequal  Telocity  between  tbe  times  markied  in  the  NauticaT  Almanac.  The  man- 
ner of  applyingUUs  correction  is  taught  in  Problems  I,  II,  III.  of  the  Appendix. 

TABLE  XVft,   Tables  of  Lalitwies  and  LonjgUudes.— This  table  (aa  observed  in  tbe  • 
prHacc)  ha.«i  been  completely  revised  for  this  edition,  and  the  latitudes  and  longitudes  of 
a  great  number  of  places  are  added  to  thoae  given  in  the  former  editions  of  this  wori^. 

TABLE  XLVn.  Tid»  Mir.— Tlw  eipluatioii  and  inea  of  this  tabte  an  ffiniA  in 
page  S13,  et  aeq. 
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46.4 

98 

292  3 

58.1 

691  67.9 

11.5 

19 

116.7 

23.2 

79 

175 

6 

34.9 

391234.4 

46.6 

99 

293.3 

68.3 

60i  68.8 

11.7 

20 

117.7 

23.4 

80 

176 

.5 

35.11 

40!235  4 

46.8 

soo 

294 . 2 

68.6 

Uist 

1  Hep. 

LHt.  1 

l>i!.t. 

Dep. 

Lat. 

Difft. 

n«-p. 

Lnt.  ''DM.  Dep. 

Lot. 

Diit 

Dep. 

Lat 

E  b.S.  \V  .b.rT  \V.b.S.  I  For  7  Points, 


TABLE  I. 


5 


Diflference  of  Latitude  and  Departure  for  H  Points. 


I 
J 

3 
4 

5 
6 
7 
8 
9 
10 


II 

12 
13 
14 
15 
16 
17 
JH 
19 
20 


28 
59 
Mi 


Lat. 


Ul  .U 

01  .9 
02.9 
03.9 
04.9 
06. R 
06.8 
07.8 
08.7 
09.7 


0O.2; 
0<».5' 
00.7: 
01  .ol 

01 .21 
01. 5i 
01 .7 
01 .9 
02 . 2 
02.4.1 


  S.b.E^E.  S.b.VV  HW. 

Dim.  LhiT  aVp.  H>i?t.:  Lat.   Dep.  |  ITist.  Lat.  iDi 


^^b.w.^\v. 


61;  d9.5 
62;  60.1 
G3  61.1 
64'  62  .1 

65  63.1 

66  64.0 
65.0 
66. 0 

69  66.91 
70i  67  9 


67 

68 


1U.7  02.7      7J|  6K.y  17.3 


11 .6 
12.6 
13  6 
14.6 
15.5 
16. 


17.5  (W.4i| 

li;  4  f»4.rt;i 

M.y:l 


i:;  4 


3V.4  0.0. li  HI 


2! . 

12. H 
2.i  3 
24.3 
i.'y.t 
26.2 
27.2 
28.1 
29  1 


30.1 
31.0 
3S|  32  .0 
M  33.0 
34.0i 
34.9 
35.9 
36.9 
37.8 


5M 


3« 
96 

37 
S8 

39 
40 


4U 

4S 

43 


45 
46 
47 

48 
491 

50 


>1 

5tl 

55 

H 

55 

56 

67 

58 

.V 

60 


39.8 
40.7 
41.7 
42.7 
43.7 
44.6 
45.6 
46.6 
47 .  ry 
4fl.5 


49.5 
50.4 
.jl.4 

a2.4 
.\3.4 
54.3 
55.3 
56.3 
.^7.2 
.W.2i 


l)r-|i 


02.9! 
03  i 
03  .  I 
03.6 
ii3 

04.11 


14.8 
15.1 

15.31 
15.6 
15.8 
16.0 
16.3 
16.5 
16. 
17.0 


05.3 
0.;.6 
0.N.8 
06  .  I 
U6.3 
OG.G 
06.  ^ 
07.0 
07.. i 


07.5 
07.8 
08.0 
08.. ^1 
08.5 
08.7 
09.0 
09.2 
09.  j 
09.7 


10.0 

10.2 

10.41 

10.7 

10. 9j 

11 .2| 

11.4: 

11.7 

II  .9 

12.1 


12.4 
12.6 
12.9 
13.1 
l:>.4 
13.6 
13.8 
14.1 
14.3 
14.6 


72  69.8 


73 
74 
7.-> 
76 
77 
78 
79 
80 


70.8 
71 .8 

72.;i 

73.7 

74.7 

75.7 

7b  6 

77  6 
-I 


17.5 
17.7 
18.0 
1C.2 
13.5 
18.7 
19.0 
19.1.' 
19.4 


73. 6|  ly.7 


82^  79.5 
K  .1  80. :> 
84 


86 

y7; 

88 


91 

92 
93 
94 
95 
96 
97 
98 
99 
IW 


20.2 
81. .3  20.1 
82.51  20.7 
83. 20.9 
84.4  21.1 
85.4'  21.1 
36.3'  21. f) 
87.3!  21.9 


>^r;.;5|  22.1 
89. 2 

90.2!  22. 
91 .2j  22 .  •; 
y2.2|  23.1 


f>3 . 1 
94.1 
95.1 
96.0 


23.3! 
23.6 
23.8 
24.1 


97.01  24.  :i 


101 

02  _  .   

03  99.9!  25.01 


o^ 

05 


100.91  25.3 


101 .9 
06il02.8 
071103.8 
08ll04.8 
09  106.7j  26.. 
I0il06.7l  26.7 


25.0 
2/; .  ?^ 
26.0 
26.2 


111,107  .7 
12  I0!J.6 
131109. 6 
14  110  6 
l.'illll  .6 
161112.5 
17,113.5 
181114.5 
19  115.4 
201116.4 


t.N.E-iE 


Lnt.  lUirt.l  Dep. 


I2mi7.4  29.4 
22!ll8.3|  29.6) 
23i;i9.3  29.9 
24  120.3 
25121.3 
122.2 
123.2 


26 
27 

2B  124.2 


2y 


30  126.1 


125.1 


30.  ll 
30.4 
30.6' 
30.9; 
31 .1 
31.3 
31  6 

127.1   31  .8 
128. Oj  32.1 
.32.3 


181 

82 
83 
84 
85 
86 


175.6 
J  76. 5 
177.5 


44. 0( 
44.2,j 
44.5 


178.5!  44.7 
179. 5|  45.0 
1U0.4 


87  181.4 


89 
'JO 


131 

32 

33|I29.0 

34130.0  32.6: 

3..  131.0  32. 

36  131. 9  33.0' 

371132  .9  3.1.3 

38!l:'.3.9  33..'j!j  9K 

39; 1 34. 8  33.811  99 


191 

93 
94 

95 
96 
97 


Io2.4 
183.3 


\b.i\ 
45.4' 
45.7 
4.j.9 
46.2 


135.31  46.411  251 


186.2 
IS7.2 

i;>y.2 

189.2 
190.1 
191.1 
192.1 

'93.0 


40: 1 3.)  .8  34 . 0:1  200  i  94 .     4:^  6 

I  '  1  


34.. »| 
34.7 


l4lll.j6.U 
42iI37.7 
4.i|:38.7 
4^11139.71  35.0; 
451140  71  35  2! 

it;j.n.6  35  .-5 

47!  542. 6 
4311  kJ. 6 
49  144. 5 


151 
52 
53 
54 
5"- 
5G 
57 
5:; 
.''I; 
GO 


145.;; 


46 .7i( 
46.9;' 
47.  lli 
47. 1 
47.r» 
47  '.I 
48.1 
IS. 4 


36.21 


^1 

01 


311.4 


01  !  J5 

.(. 

48 

.8' 

02  195 

9 

49 

•  ll 

03)!! '6 

9 

49 

3| 

04- 1 97 

.9 

49.6, 

051 1 '.•8. 9 

49 

l'G|ll9 

.  li 

50 

(.'7;-'<H) 

.8 

it 

0:;U01 

.8 

50 

09'2U2 

.7 

jO 

8 

|n20:{ 

.7 

51 

0' 

yd.O  24.6 1  l(H 
9;<.9'  24.8! 


;';7.4 

i4'l.4 
149.4 
;5f».4 
l.-.l  .3 
152..' 
1  ;3.3 
154.2 
155.2 


;i6.7ii  211  2*^1-  7  51.3 
3fi.'>!l  12  205.6:  51 .51 
1.}'2I16.6 
I4i207.6 
15|20«.6 
IG;J0l).5 
17i-'10.5 
ICill  .5 


37.2:1 
37.41, 
.-57.7 
;j7.9j 
38.  ll 
38.4! 
38.6! 

:j9  .7! 
39.4! 

39.61 
39.8 


156.5; 

62  io7.I 

63  168.1 

64  159.1 

65  'GO.ll  40.1 

66  161  At  40.3 

67  162.01  40.6 

68  163  ol  40.8 
6lijl6:j.9'  41.1 
7(11 164. 91  41.3 

7711165.9  H.5 

72I166.81  41.  rJ 

73:167.8;  42.0 

74;168.C|  42  3 

7.'>(1 69. 8,  42.5 

76!l70.7l  42. Hj 

77  171.7  43.0! 

78|I72.7  43.3 

79:173.6  43.51 

80  174.6  43.7 
____  .  1 

DU.  Dep.;  Lat. 


52.0 

62.2, 
.52. 5' I 
52.7ii 
j3.0|! 


Il»'212.4   53  2 


20;2I3.4 

227:211.4' 
22,215.3 
23' J 16. 3 
i  24I217.3 
251218.3 
26i2J9.2 

27;:20.2 

281221 .2 
29|222 . 1 
.•i0|223 . 1 


53, 


2.U  :»24.1 
32,225.0 
331226.0 
34"-27.0 
351228.0 
36'22S.9 
37!  229. 9 


31; 
39 
44» 


2.J0 . 9 
231  8 

2o2 .  U 


Di>t.l  l>ep. 


.'>3.7 

63.9 

54.2 

.54.4 

64.7 

54  9: 

55.2! 

.55.41 

55.6 

55. 9j 

56.1! 

56.4; 

56.61 

56.9 

67.1 

57.3 

57.6 

67.8 

68.1 

58.3 


Lat 


5.^ 
53 


Lat.  Dep. 

;;)3.8  'is" 

234.7  -58.8 


235.7 
2.%.  7 
:37.7 
2.38.6 
'-39.6 
24(J.6 
241  ,5 
J42.5 


243.5 
-44.4 
246.4 
54  216.4 
.')5  247.4 

56  248.3 

57  249.3 
oU  250.3 
59^51  2 
6012.52.2 


2r)l 
62 
63 


'.i.C'3.2 
254.1 
2.55.1 
64256. 1 
65  2;>7 . 1 
6612:'.:.  0 
2;.9.0 
260.0 
260.9 
261 .9 


67 
6-. 
69 
7«i 


271 


74 
75 
76 
»7 

ly 
79 


^l.-'.9 
7'-'|'J6.>.8 
73! -'64. 8 
265.8 
266.8 
:67.7 
268.7 
269.7 
270.6 
271 .6 


281 
83 


85 
86 
87 
88 


9(» 


291 
92 
93 
94 
95 
96 
97 


272.6 
i73.5 
274 


84  275.5 


276.6 
277.4 
278.4 
279.4 


89  280 . 3 


281.3 


2H2.3 
283.2 
284.2 
285.2 
2i;6.2 
2r;7 . 1 
238 . 1 
9P  28').  1 
99  290.0 
291  0 


.3C«J 
Disl' 


69.0 
69.3 
69.5 
69.8 
60.0 
60.3 
60.6 
60.7 


61 .0 
61.2 

61  .5 
61.7 
62.0 
62.2 
6i.4 
62.7 
62.. 9 
M_2 

"63T4' 
63.7 
63.9 
64.1 
64.4 
64.6 
6-1  9 
65 . 1 
65.4 
jG5.6 

"GoTu" 
66.1 
66.3 
66.6 
66.8 
57.1 
67.3 
67.5 
67.  j: 
6R.n 


68  3 
68.5 
68.3 
69.0 
69.2 
69.5 

69  7 
70.0 
70.2 
70.5 


70.7 
71 .0 
71.2 
71.4 
71.7 
71 .9 
72.2 
72.4 
72.7 
72,9 


"\v.r<.w.|w.  \v.gwjiw^ 


I>ep^  

pForfel  Foints 


Google 


TABLE  I. 

Diflerence  of  Latitude  and  Departure  for  U  Points. 


Disl.  Lat. 


N.b.E.iE. 


N.b.WiW. 


S.b.EiE. 


S.b.W.iW. 


I 
2 
3 
4 

6 
6 
7 
8 
9 
10 


II 
IS 
13 
14 
15 
16 
17 
18 
19 
20 


21 
«2 

2a 

2I> 
26 
57 
28 
29 
30 


31 

3U 
34 
S3 

36 
37 
38 
39 
10 


41 
42 
43 
44 
45 
46 
47 
48 
49 
501 


51 
52] 
53 
54 
56 
56 
57 
58 
59 
60 


DUt 


01.0 
01.9 
02.9 
03.8 
04.8 


05 
06 
07 
08 
09 


10. 5 
11.5 
12.4 
13.4 
14.4 
15.3 
1C.3 
17.2 
18.2 
19.1 


'JO.l 

21.1 

22.0 

23.01 

33.9 

24.9 

25.8 

26.8 

27.8 

28.7 


29.7 

;^1.6 

32.5 
33.0 
34  4 
35 
36.4 
37.3 
.18.3 


3y.2 
40.2 
41.1 
42.1 
43.1 
44.0 
45.0 
45. 9 
46.9 
47.8 


48.8 
49.8 
50.7 
51.7 
52.6 
53.6 
54.6 
55. 6 
66.6 
67.4 


Dep. 


Dep. 


00.3 
00.6 
00.9 
01. S 
01.5 
01.7 
02.0 
02.3 
02.6 
02.9 


Uist 


03. Zt 

03.5 

03.8 

04.1 

04.4 

04.6 

04.9 

05.2 

05.5 

0.-I.8 


06.1 
06.4 
06.7 
07.0 
07.3 
07.5 
07.8 
08.1 
03.4 
08.7 


09. 
09. 
09.6 
09. 
10.2 
10.5 
10.7 
11.0 
11.3 
11.6 


11.9 
12.2 
12.5 
12.8 
13. l| 
13.4 
13.6 
13.9 
14.2 
14.5 


14.8 
15.1 
15.4 
15.7 
16.0 
16.3 
16.5 
16.8 
17.1 
17.4 


Lat. 


61 
62 
63 
64 

65 
66 
67 
68 
69 
70 


71 

72 
73 
74 
75 
76 
77 
78 
79 
80 


Lat. 


58.4 
59.3 
60.3 
61.2 
62.2 
63.2 
64.1 
65.1 
66.0 
67.0 


67.9 
68. 9 
69.9 
70. S 
71.8 
72.7 
73.7 
74.6 
75.6 
76.6 


81 
82 
83 
84 
85 
86 
87 
88 
C9 
90 


91 
92 
93 
94 
95 
96 
97 
93 
99 
lOOl 


101 
02 
03 
04 


06 
07 
08 
09 


111 
12 
13 


16 
17 
18 
19 


77. 
78.5 
79.4 
80.4 
81.3 
82.3 
83.3 
84.2 
85.2 
86.1 


87, 
88. 
89. 
90.0 
90 
91.9 
92.8 
93.8 
94.7 
95.7 


96.7 
97 
98 
99 


05  100.5 


101 
102 
103 
104 


10  105.3 


Uep 


Dist. 


17.7 
18.0 
18.3 
18.6 
18.9 
19 
19 
19 
SO 


20.3 


20.6 
20.9 
21.2 
21.5 
21.8 
22.1 
22.4 
22.6 
22.9 
23.2 


23.51 

23. C 

24.1 

24.4 

24.7 

25.0 

25.3 

25.5 

25.8 

26.1 


26.-1 
26.7 
27.0 
27.3 
27.6 
27.9 
28.2 
28  .'4 
28.7 
29.0 


29.3 
29.6 
29.9 
30.2 
30.5 
30.8 
31.1 
31.4 
31, 
31.9 


106.2 
107.2 
108.1 
I4j  109.1 
16110.0 
111.0 
112.0 
112.9 
113.9 


20  114.8 


IDist.  Dep. 


32.2 
32.5 
32.8 
33.1 
33.4 
33.7 
34.0 
34.3 
34.5 
34.8 


Lat. 


121 
22 

23 
24 

25 
26 
27 
28 


115.8 
116.7 
117.7 
118.7 
119.6 
120.6 
121.5 
122.5 
29  123.4 


30 


131 
32 


33  127 


34 

35 
36 
37 
38 
39 
40 


141 
42 

43 
44 
45 
•46 
47 
48 
49 
50 


151 
52 


55 
56 
67 
58 


60 


161 


63 
64 
65 
66 
67 
68 
69 
70 


171 
72 


76 
77 
78 
79 


Dist 


Lat. 


124.4 


125.4 
126.3 


128 
129 
130 
131 
132 
133 


134 
I.'IS 
136 
137 
1:38 
139 
140.7 
141 
142.6 
143 


Dep. 


35.1 
35 
35 
36 
36 
36.6 
36.9 
37.2 
37 
37 


.7 


38.0 
38.3 
38.6 
38.9 
39.2 
39.5 
39.8 
40.1 
40.3 
40. r, 


144  51 

145  5 
531146. 4 
641147.4 

148.3 
149.3 
160.2 
161.2 


59152.2 


40.9 

41.2 

41.5 

41.8 

42.111 

42.4 

42.7 

43.0 

43.3 

43.5 


153.1 


43,8 
44.1 
44.4 
44.7 
45.0 
45.3 
46.6 
45.9 
46.2 
46.4)1 


154.1 
62155.0 
156.0 
156.9 
157.9 
158. 9 
159. C 
160.8 
161.7 
162.71 


163.6 
164.6 
73165.6 
74166.5 
75  167.5 
168. 4 
169.4 
170.3 
171.3 
80172.2 


Dep. 


4*i.7 
47.0 
47 
47 
47 
48 
48.5 

48.  a 

49.1 
49.3 


49.6 
49.9 
50.2 
60.5 
50,8 
51.1 
61 .4 
51.7 
52.0 
52.3 

Lat." 


181 173 

82  174 

83  175 
84176 

85  177 

86  178 

87  178 

88  179 

89  180 
90181 


191  182 
92  183 
93184 
94185 

95  186 

96  187 

97  188 

98  189 

99  190 
200  191 


l.Ht. 


201  192 
02  193 
03194 
04196 
06196 

06  197 

07  198 

08  199 

09  200 
10201 


211  201 

12  202 

13  203 

14  204 
16  205 

16  206 

17  207 

18  208 

19  209 

20  210 


221211 
22  212 
23213 
24214 
25215 
26216 
27  217 
28218 
29  219 
30220 


231  221 
32  222 
33223 
34  223 
36  224 

36  226 

37  226 

38  227 

39  228 
40f229 


Dip 


Dist 


8 


8 


IDist.  Df 


62.5 
52.8 
63.1 
53.4 
53.7 
54.0 
54.3 
54.6 
64.9 
f)5.Z 


56.4 
56.7 
56.0 
56.3 
56.6 
56.9 
57.2 
57.5 
57.8 
58.1 


68.3 
68.6 
58.9 
69.2 
59.5 
59. S 
60.1 
60.4 
60.7 
61.0 


61.3 
61.5 
61.8 
62.1 
62.4 
62.7 
63.0 
63.3 
63.6 
63.9 


64.2 
64 
64. 
65.0 
66. 
65. 
65. 9 
66 
66.5 
66.8 


67.1 
67.3 
67.6 
67.9 
68.2 
68.5 


63.8 
69.1 
69.4 
69.7 


241  230.6 

42  231.6 

43  232.5 

44  233.6 
46  234.6 

46  235.4 

47  236.4 

48  237.3 
49238.3 
50  239.2 


251  240.2 

62  241.1 

63  242  ] 

64  243.1 
66  244.0 

66  245  . 0 

67  245.9 

68  246.9 
69247.8 
60U8 


361  249.8 

62  250.7 

63  261.7 
64262.6 
65,863 

66  254.5 

67  265 

68  266.5 
69257.4 
70268.4 


Lat.  IDist 


Lat. ,  Dep. 


70.0 
70.2 
70.5 
70. 8 
71.1 
71.4 
71.7 
72.0 
72.3 
72.6 


72.9 
73.2 
73.4 
73.7 
74.0 
74.3 
74.6 
74.9 
76.2 
76.5 


75.3 
76.1 
76.3 
76.6 
76.9 
77.2 
77.5 
77. a 
78.1 
78.4 


27  1  259 
72260 

73  261.2 

74  261  2 

75  263.2 

76  264.1 

77  265.1 

78  266. C 

79  267.0 

80  267 


78.7 
79.0 
79.2 
79.5 
79.8 
80  1 
80.4 
80.7 
81.0 
81.3 


281  268. 
82269. 
83270.8 
84  271.8 
86  272.7 

86  273.7 

87  274. 6 

88  275.6 

89  276.6 

90  277.61 


291  278.5 

92  279.4< 

93  2U0.4 

94  281.3 
96  282.3 

96  283.3 

97  2«4.2 

98  285.2 

99  2S6.1 
.■^00  287 . 1 


81.6 
81.9 
82.2 
82.4 
82.7 
83.0 
83.3 
83.6 
•3.9 
84.2 


84.6 
84.8 
961 
85.3 
86.6 
85.9 
86.2 
86.5 
86.8 
87.1 


r. 


K.N.E.4E.  E.8.E.^E.  W.N.VV^\V.        W.S.U^VV.  (Toi 


?  at. 

flints. 


Google 


TABLE  I. 

Diflference  of  Latitude  aiid  Departure  for  1|  Points^' 


N  b  W  JW. 


Lat. 

Dep.l 

Vist. 

Lat. 

Dep.  ll 

1 
1 

00  1 

\M  1 

57  4, 

20.6 

ni  0 

Mt  .  J 

00  71 

58  4i 

20  9 

• 

1.1 1&  •  0 

01  ol 

C3 

59.3 

21 .2 

01  3' 

64 

60  3 

21 .6 

C 

O 

04  7 

01  7' 

65 

61.  J 

21.9 

o 

of  0 

66 

62  1 

21.2 

f 

0*  4 

67 

63.1 

2t.6 

o 
o 

07  ^ 

Of  7i 

60 

64.0 

22.9 

o 

OA  ix 

03  0 

65.0 

23.2 

10 

09.4 

03.4 

70 

65.9 

23.6 

1 1 

J  1 

10  4 

03  7 

71 

66.8 

23.9 

1  • 

1 1  1 

04  0 

7" 

67.8 

24.3 

If 

04  4 

73 

68.7 

24.6 

1 4 

t«j  ■  ^ 

04  7 

74 

69.7 

24.9 

14  1 

05  1 

75 

70.6 

25.3 

to 

05  4 

76 

71 .6 

25.6 

17 

05.7 

77 

72.6 

25.9 

1  'A 

Ifi  () 

Ofi  1 

78 

73.4 

26.3 

1  J 

06  4 

79 

74.4 

26.6 

£0 

J8.8 

06.7 

80 

75.3 

27.0 

2! 

07  1 

76.3 

27.3 

f  9 

20  7 

07.4 

82 

77.2 

27.6 

so 

ft  7 

07.7 

83 

78. 1 

28.0 

OA 
*^ 

Sf 

08. 1 

84 

79 .1 

28.3 

•  \j 

08  4 

85 

80.0 

28.6 

08.8 

86 

81 .0 

29.0 

09  1 

87 

81 .9 

29.3 

9fi  4 

09  4 

8R 

82  9 

a,S9  6 

97  1 

09.  C 

0^ 

83  8 

^30.0 

30 

28.2 

10.1 

90 

84.7 

30.3 

10  4 

85  7 

30.7  1 

10.  i; 

92 

86  6 

31 .0 ' 

^1  I 

11.1 

93 

87  6 

31 .3  1 

11  5 

88  5 

31 .7  1 

111 

89  4 

32.0 ; 

oo 

12  1 

96 

90  4 

32.3  1 

0  1 

12  5 

Q7 

91  3 

32.7 

151 

12  8 

92  3 

33.0 

07 

13  1 

OQ 

93  S 

33.4 

40 

57.7 

13.. ■> 

100 

94.2 

33.7 

1 

SA  ^ 

13  8 

101 

1  V  ft 

95  1 

34  0 

»  ^ 

S9  ^ 
«#  J  • 

14  1 

02 

96  0 

34  4 

14  5 

03 

97  0 

34.7 

44 
*»* 

41  4 

14  8 

04 

97  9 

35.0 

4S  4 

■  4/  •  M 

0<> 

98  9 

35.4  t 

15  h 

06 

99  8 

35  7  i 

44  1 

15  ft 

07 

100.7 

36.0 

AS 

16  2 

08 

101 .7 

36.4 

1 

^0  .  1 

16  5 

102.6 

36.7 

50 

47.1 

16.8 

10 

103.6 

37.1 

51 

48.0 

17.2 

111 

104. j 

37.4' 

52 

49.0 

17.5 

12 

105.5 

37.7; 

63 

49.9 

17.9 

13 

10G.4 

38.1 

54 

50.8 

18.2 

14 

107.3 

38. 4| 

55 

51 .8 

18.5 

15 

108  3 

38.7 

56 

52.7 

18.9 

16 

109.2 

39.1 

57 

53.7 

19.2 

17 

110.2 

39.4 

58 

54.6 

19.5 

18 

111.1 

39.81 

59 

55.6 

iO  9 

19 

112.0 

40.1 

an 

T'fi  .'1 

20.2 

20 

113.0 

40.4 
1 

[Dirt. 


Lat 


Dep  ijDist.  Lat. 


s.b.w.iw: 


121,113.9 
22114.9 
23115. 8 
24116.8 
25  117.7 
118.6 
119.6 
120.5 
29121.5 
301122.41 


26 
27 
28 


131 
32 

33 


34126.2 


35 
36 


37  129.0 


38 

39 
40 


141 
42 
43 
44 
45 
46 
47 
48 
49 


50141.2 


151 


56 
57 
58 
69 
60 


161 

62 
63 


65 
66 
67 


69 
70 


171 

72 


75 
76 
77 
78 
79 
80 

DiVl 


123.3 
1^4.3 
125.2 


127.1 
128.01 


129.9 
130.9 
131.8 


1.32.8 
133.7 
134.6 
135.6 
136.5 
137.5 
138.4 
139.3 
140.3 


142.2 
521143.1 

53  144.1 

54  145.0 
65  115.9 

146.9 
147.8 
148.8 
149.7 
150.6 


151.6 
152.5 
153.5 
641154.4 


155.4 
156.3 
157.2 


68  158.2 


159 
160.1 


40.8 

41.1 

41 .4, 

41.8 

42.1 

42.4 

42.8 

43.1 

43.6 

43.8 


44.1 
44.5 
44.8 
45.1 
45.5 
46.8 
46.2 
46.5 
46.8 
47.2 


47.5 
47.8 
48.2 
48.6 
48.8 
49.2 
49.5 
49.9 
60.2 
50.5 


50.9 
51.2 
51.5 
51.9 
52.2 
52.6 
62.9 
63.2 
63.6 
63.9 


54.2 

54.6 

54.9 

65.2 

55.6 

65.9 

56.3! 

56.6 

66.9 

67.3 


161.0 
161.9 
731162. 9 
74  163.8 


164.8  59.0 


165.7 
166.7 
167. 6 
168.5 


57.6 
67.9 
58.3 
58.6 


59.3 
59.6 
60.0 
60.3 
60.6 


Dep.  r^t 


lijl 
82 


170.4 
171.41 
83172.3 
84173.2 

85174.2 
176.1 
I7ff.l 
177.0 
178.0 
178.9 


86 
87 

88 
89 
90 


191 

9-2 
93 
94 
95 


97 
98 
99 
200 


201 

02 


05 
06 
07 
08 
09 


179.8 
180.8 
181.7 
182.7 
183.6 


96  184.5 


186.5 
186.4 
187.4 

188.3 


189.3 
190.2 
03191.1 
04|l92.1 
193.0 
194.0 
194.9 
196.8 
196.8 


10  197.7 


211 
12 


198.7 
199.6 

13  200.5 

14  201  5 

15  202.4 

16  203.4 

17  204.3 

18  205.3 
19206.2 
20  207 . 1 


231 
32 


Di.M. 


iVp. 


TTisTTTar 


61 .0 
61.3 
61.7 
62.0 
62.3 
62.7 
63.0 
63.3 
63.7 
64.0 


64.3 
64.7 
66.0 
66.4 
65.7 
66.0 
66.4 
66.7 
67.0 
67.4 


67.7 
68.1 
68.4 
68.7 
69.1 
69.4 
69.7 
70.1 
70.4 
70.7 


221  208.1 
22  209.0 
23210.0 
24210.9 
26211.8 
26212.8 

27  213.7 

28  214.7 
29215.6 
30216.6 


217. 
218.41 


33  219.4 

34  220.3 

35  221.3 

36  222.2 

37  223 . 1 
224.1 

39  225  .0 
U>  226.0 


Dep. 


71.1 

71.4 

71.8 

72.1 

72. 4^ 

72.8 

73.1 

73.4 

73.8 

74.1 


74.5 
74.8 
75.1 
76.5 
76.8 
76.1 
76.5 
76.8 
77.1 
77.5 


77.8 
78.2 
78.5 
78.8 
79.2 
79.5 
79.8 
80.2 
80.6 
80.9 


241  226.9 

42  227.91 

43  228.8 

44  229.7 

45  230.7 

46  231.6 

47  232  .6 

48  233.6 

49  234.4 

50  236.4 


84.6 
84.9 
85.2 
85.6 
85.9 
86.2 
57  242.01  86.6 
68  242.9  86.9 
69243.9  87.3 
60  244.8  87.6 


251  236.3 

62  237.3 

63  238.2 

54  239.2 

55  240.1 

56  241.0 


261  245.7 

62  246.7 

63  247.6 
6*1248.6 
66  249.6 

66  250.6 

67  251.4 

68  252.3 

69  253.3 

70  254.2 


Dep. 


81.2 
81.6 
81.9 
82.2 
82.5 
82.9 
83.2 
83.6 
83.9 
84.2 


271  255.2 

72  256.1 

73  257.0 

74  258.0 
76  258.9 

76  259.9 

77  260  .8 

78  261.7 

79  262.7 

80  263.6 


281  264.6 

82  266.5 

83  266.5 

84  267.4 
86  268.3 

86  269.3 

87  270.2 

88  271.2 

89  272.1 

90  273.0 


Lat.  'iDist 


291  274.0 

92  274.9 

93  275.9 

94  276.8 

95  277.8 

96  278.7 

97  279.6 

98  2S0.6 

99  281.6 
300  282.6 


87.9 
88  3 
88.6 
88.9 
89.3 
89.6 
89.9 
90.3 
90.6 
91.0 


91 .3 
91.6 
92.0  ! 

92.  jr 

92. <i 

93.0  ' 

93.3 

95.7 

94.0 

94.3 


94.7 
95.0 
95.3 
95.7 
96.0 
96.4 
96.7 
97.0 
97.4 
97.7 


98.0 
98.4 
98.7 
99.0 
99.4 
99.7 
100.1 
100.4 
100.7 
101.1 


Dop.  I  Lat. 


E.S.I-:  iE.  W.N.W.jW .       w.s.Vf4^.       U or  eiTHiptT 


Di^tized  by  Google 
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TABLE  I. 

Difference  of  Latitude  and  Departure  for  2  Points. 

N.N.W.  S.S.E.  S.S.W. 


Lilt. 

D«-|». 

Dist. 

Lat. 

Dep. , 

Lat. 

I 

00.9 

00.4 

61 

.■)G.4 

23.3' 

1*1111  .X 

4 

01.0 

00. aj 

62 

67.3 

23.7 

112.7 

02.8 

01. 1| 

63 

58.2 

24.1 

23 

113.6 

4 

03.7 

01.6, 

64 

59.1 

24.5 

24 

114.6 

;  5 

04.6 

01.9, 

66 

60.1 

24.9 

25 

115.6 

05.6 

02.3 

66 

61.0 

25.3 

26 

116.4 

1  7 

06.5 

02.7 

67 

61.9 

25.6 

27 

117.3 

i  8 

07.4 

03.1 

68 

62.8 

26. 0> 

23 

118.3 

I 

03.3 

03.41 

69 

63.7 

26.4* 

29 

119.2 

»  10 

09.2 

03. 8| 

70 

64.7 

26.8 

30, 

120. 1 

11 

10.2 

04.21 

71 

65.6 

27.2 

131  121  .0 

12 

11.1 

04.6] 

72 

66.5 

27.61 

32l  122.0 

13 

12.0 

Oj.Oi 

73 

67.4 

27.9 

33il22.9 

12.9 

05.4! 

74 

68.4 

28.3 

34]l23.8 

r  16 

13.9 

05.7 

75 

69.3 

28  7 

351124.7 

,  IG 

14.8 

06.1 

76 

70.2 

29.1 

36  125.6 

17 

16.7 

06.5 

77 

71.1 

29.5 

37!  126. 6 

>  18 

16.6 

06.9 

78 

72.1 

29.8 

38 

127.5 

19 

17.6 

07.3 

70 

73.0 

30.2 

39 

128.4 

.  20 

18.5 

07.7 

80 

73.9 

30.6 

40 

129.3 

19.4 

01].  0 

81 

74.8 

31.0 

141 

13(».3' 

22 

20.3 

08.4 

82 

75.8 

31.4 

42 

131.2 

23 

21.2 

08.8 

83 

76.7 

31.8 

43 

132.1 

22.2 

09.2 

84 

77.6 

32.  r 

44 

133.0 

'  2o 

23.1 

09.6 

85 

78.5 

32. 5i 

45 

134.0 

26 

24.0 

09.9 

86  79.5 

32.9; 

1  46 

134.9 

27 

24.9 

10.3 

87 

80.4 

33.3] 

47 

135.8 

28 

25.9 

10.7 

88 

81 .3 

33.71 

48 

136.7 

29 

26. 8 

11. 1 

89 

82.2 

34.  l! 

49 

137.7 

30 

27.7 

11.5 

90 

83  1 

34.4; 

50 

138.6 

L  3' 

28.6 

11.9 

91 

84.1 

34.8 

151 

139.5 

^  32 

29.6 

12.2 

92 

85.0 

36.2 

52 

140.4 

33 

30.5 

12.6 

93 

85.9 

35.6 

53 

141  4 

34 

31.4 

W.O] 

94 

86.8 

36.0 

64 

142.3 

35 

32.3 

13.4. 

95 

87.3 

36.4 

55;  1 13 . 2 

3r, 

33.3 

13.8 

96 

88.7 

36.7 

56ll44. 1 

37 

3^».2 

14.2 

97 

89.6 

37.1 

571145.0 

38 

35.1 

14.5 

98 

90.5 

87.5 

58  146.0 

39 

36.0 

14.9 

99 

91.5 

37.9 

59jl46.9 

40 

37.0 

15.3 

100 

92.4 

38.3 

60il47.8 

41 

37.9 

16.7 

101 

93.3 

38.7 

16l!l48.7 

42 

38.8 

16.1 

02 

94.2 

39.0 

62  149. 7 

43 

39.7 

16.5 

03 

96.2 

39.4 

631160.6 

44 

40.7 

16.8 

04 

96.1 

39.8 

64 

161.6 

45 

41.6 

17.2 

05 

97.0 

40.2 

65 

152.4 

46 

42.6 

17.6 

06 

97.9 

40.6 

;  66 

153.4 

47 

;  43  .4 

18.0 

07 

98.9 

40.9 

'  67 

154.3 

43 

44.3 

18.4 

08 

99.8 

41.3!  68 

166.2 

49,  46.3 

18.8 

09 

100.7 

41 .7 

1  69 

156.1 

50 

46.2 

19.1 

10 

101.6 

42.1 

70 

157.1 

51 

47.1 

19.6 

111 

102.6 

42.5 

171 

158.0 

.  .6t 

48.0 

19.9 

12 

103.5 

42.9 

72 

158.9 

1  63 

49.0 

20.3 

13 

104.4 

43.2 

73 

159.8 

54 

49  9 

20.7 

14 

106.3 

43.6 

74 

160.8 

63 

50.8 

21.0 

16 

106.2 

44.0 

76 

161.7 

66 

51.7 

21.4 

16 

107.2 

44.4 

76 

162.6 

67 

52.7 

21.8 

17 

108.1 

44.8 

77 

163.5 

68 

53.6 

22.2 

18 

109. 0 

45.2 

78 

164.6 

69 

64.6 

22.6 

19 

109.9 

46.6 

79 

165.4 

60 

66.4 

23.0 

20 

110  9 

46.9 

80 

166.3 

l>ut. 

Dep.' 

Ut.  1 

Drp. 

r.at. ' 

Dist. 

Dep  i 

K.N.E. 

fi.S.E. 

W  N.W 

Dep. 


46.3 
46.7 
47.1 
47.5 
47.8 
48.2 
48.6 
49.0 
49.4 
49.7 


50. 
bO. 
50.9 
51.3 
61.7 
52.0 
52.4 
62.8 
63.2 
53.6 


Dist. 


181 

82 
83 
84 
86 
86 
87 
88 
89 
90 


191 
92 


64  0 
64.3 

64.7 
56.1 
55.5 
66.9 
66.3 
66.6 
67.0 
57.4 


57.8 
68  *^ 
68 
68 
69 
59 
60.1 
60.5 
60.8 
61.2 


61 
62 
62 
62 
63 
63 
63.9 
64.3 
64.7 
65.1 


65 
65 
66.2 
66.6 
67.0 
67.4 
67.7 
68.1 
68.5 
68.9 


Lat. 


Lat.  ;  Dep. 


167. 
168. 
169. 
170. 
170.9 
171.8 
172.8 
173.7 
174.6 
175.5 


95 
96 
97 
98 
99 
200 


201 
02 
03 
04 
05 
06 
0 
0 
01» 
10 


211 
12 
13 


I  14197.7 


221 
22 


27 
28 
29 


S3 1 
32 
33 


35 
36 


176. 5j 
177. 4| 

93  178.3 

94  179.2 
1H0.2 

m.i 

182.0 
182.9 

liU.9 
181.8 


69.3, 
69.6: 
70.0 
70.4 
70.8 
71. 2| 
71.6 
71.9; 
72.3 

72.7; 

73. li 
73.51 
73. 9| 
74.2 
74.61 
75.0! 
75.4 
75.8 
76.21 
76.5 


Dtst.{  I^.  I  Dep. 


211  222.7 


43  22i 

44  226 

45  226.4 

46  227.3 

47  223.2 

48  229 

49  250.0 

50  231.0 


92.2 
92.6 
93.0 
93.4 
93.8 
94.1 
94.6 
94.9 
96.3 
95.7 


185.7 
186.6 
187.5 
188.5 
189.4 
190.3 
191.2 
192.2 
193  1 

i:>4.ii 


194.9 
195.9 
196.8 


198.6 
199.6 
.5 
.4 

191202.3 

20  203 . 3 


15 
16 
171200. 
18  201 


25l|23l.9 
62  232 .  o 

53  233  7 

54  234 

65  236.6 

66  236.5^ 

57  237.1 

58  238.4 
69  239.31 
6OI24O 


76.9 
77.3 
77.7 
78  1 
78.5 
78.8 
79.2 
79.6 
80.0 
80.4 


-JOt.2 
205.1 
0 


23  206 

24  206 

25  207 

26  208 


209 
J 10. 6 
211.6 
30212.6 


2i:j 

214 
215 


34  216 


217 
218.0 
371219.0 

38 
39 
40 


219.9 
220.8 
221  .7 

Di.Ht.l  Dep 


80.7 

81.1 

81.5 

81.9 

82.3 

82.7 

83.0 

83.41 

83.8 

84. 2 


27  1  2.70. 

72  251 

73  252 
74/253. 

256 


H4.6 
85.0 
86.3 
86.7 
86.1 
36.5 
86.9 
87.3 
87.6 
88.0 


88 
88 
89 
89 
89 
90 
90 
91 
91 
91 


l^t. 


1 


99 
100 


261  241 
62  242 

63243.01100 
64143.91101 

65  244 

66  245 

67  246 

68  247.6 

69  248. 

70  249. 


96.1 
96.4 

96.8 
97.2 
97.6 
98.0 
98.3 
98.7 
99.1 
99.5 


101 
101 
102 
102 
102.9 
103.3 


77|266.9106.0 

78  256.8  106.4 

79  2.^7.8  106.8 
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06.9 
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i')isl    Lat.   Pep-  ;li*»at»|        1  '^P 
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01 .2 

62 

49  8 
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1 
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63 
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64 
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03.0 
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06.6 

71 
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78  0 
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72 
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73 
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43.5 
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74 
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94 
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35 

28  1 
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76.3 
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128.1 

36 
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96 
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37 
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97 

77.9 

57.8 
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38 
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22.6 

93 

78.7 

58.4 
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to 

175.1 

129.9 

39 

31.3 

23.2 

99 

79.5 

69.0 

69 

127.7 

94.7 

1  0 

175.9 

130.5 

40 

32.1 

23.8 

100 

80.3 

59.6 

60 

128.5 

95.3 

on 

176.7 

131.1 

41 

32.9 

24  4 
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81.1 

60.2 
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177.5 

131.6 

42 

33.7 

25.0 

0^ 

81.9 

60.8 

62 

130  1 
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06 

178.3 

132.2 

43 

34  5 
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03 

82.7 

61.4 

63 
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07  1 

23 

179.1 

132.8 

35  3 

26  2 

04 

83.5 

62.0 
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07  7 

24 

179.9 

133.41 

45 
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84.3 

62.5 

1  '12  ft 

08  S 

25 
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134.0 
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27  4 

06 

85.1 

63.1 

66 

08  0 

26 
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47 
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07 

85.9 

63.7 
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00  *> 

27 
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48 
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uo 

28 
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49 
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09 
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64.9 

69 
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29 
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50 
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65.5 

70 
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30 
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51 
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66.1 
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137.3 

101.9 
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52 

41.8 

31.0 

12 

90.0 

66.7 

72 
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32 
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53 

42.6 
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13 
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73 
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33 

187.1 

138.8 

54 

43.4 
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14 
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67.9 

74 
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34 
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65 

44.2 
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15 

92.4 
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75 
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104.2 

35 

188.8 
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66 

45.0 
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16 
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36 
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57 
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17 
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77 
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37 
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58 
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97  238 
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67.9 
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64.4 
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TABLE  I. 

Difference  of  Latitude  and  Departure  for  3i  Points. 
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Lat. 
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47.2 

38.7 
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93.5 

76.8 

2 
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47.9 

39.3 

22 
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01.9 
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23 
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95.9 
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03.9 
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25 
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79.3 
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04.6 

03.8 

66 
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41 .9 

26 
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04.4 
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42.5 

27 
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68 
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28 
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81 .2 
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07.0 
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69 

53.3 
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29 
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81.8 

10 

07.7 

06.3 

70 
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30 
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71 
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45.0 
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12 
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07.6 

72 
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46.7 

32 
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13 

10.0 

08,2 

73 

56. 4 

46.3 

33 

102.8 

84.4 

14 

10.8 

08.9 

74 

67.2 

46.9 

34 

103.6 

85.0 

15 

11.6 

09.5 

75 

58.0 

47.6 

35 

104.4 

85.6 

16 

12.4 

10.2 

76 

58.7 

48.2 

36 

105. 1 

86.3 

17 

13.1 

10.8 

77 

59.6 

48.8 

37 

105.9 

86.9 

18 

13.9 

11 .4 

78 

60.3 

49.5 

38 

106.7 

87.5 

19 

14.7 

12.1 

79 

61.1 

50.1 

39 

107.4 

88.2 

20 

15.5 

12.7 

80 

61 .8 

50.6 
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88.8 

21 

16.2 

13.3 

81 

62.6 
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109.0 

89.4 

22 

17.0 

14.0 

82 

63.4 

52.0 

42 

109.8 

90.1 

23 

17.8 

14.6 

83 

64.2 

52.7 

43 

110. .-v 

90.7 

24 

18.6 

15.2 

84 

61.9 

53.3 
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111.3 

91 .4 

25 

19.3 

16.9 

85 

65.7 

53.9 

45 

112.1 

92.0 

26 

20.1 

16.5 

86 

66.5 

54.6 

46 

112.9 

92.6 

27 

20.9 

17.1 

87 

67. 3 

56.2 

47 

113.6 

93.3 

28 

21 .6 

17.8 

88 

68.0 

55.8 

48 

114-4 

93.9 

29 

22.4 

18.4 

89 

68.8 

66.6 

49 

115.2 

94.5 

30 

23.2 

19.0 

90 

69.6 

57.1 

50 
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95.2 

31 

24.0 

19.7 

91 

70.3 

57.7 
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95.8 

32 

24.7 

20.3 

92 
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52 
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33 
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93 
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59. 0 

53 

118.3 
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34 

26.3 
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94 
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69.6 

54 
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35 

27.1 

22.2 

95 

73.4 

60.3 

56 

119.8 

98.3 

36 

27.8 

22.8 

96 

74.2 

60.9 

56 

120.6 

99.0 

37 

28.6 

23.5 

97 

75.0 

61 .5 

67 
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99.6 

3R 

29.4 

24.1 

98 

75.8 

62.2 

58 
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39 

30.1 

24.7 

99 

76.5 

62.8 

59 

122.9 

100.9 

40 

30.9 

25.4 

100 

77.3 

63.4 

60 

123.7 

101.5 

41 

31 .7 

26.0 
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78. 1 

64. 1 

ir.i 

124.5 

102.1 

42 

32.5 

26.6 

02 

78.8 

64.7 

62 
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43 

33.2 

27.3 

03 

79.6 
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63 

126.0 
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44 

34.0 
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04 

80.4 

66.0 

64 

126.8 
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45 

34.8 

28.5 

06 

81 .2 

66.6 

65 
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46 

35.6 

29.2 

06 

81 .9 

67.2 

66 
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47 

36.3 

29.8 

07 
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67.9 

67 
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A» 

37.1 
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08 
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68 
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49 

37.9 
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09 

84.3 

69.1 

69 

130.6 
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50 

38.7 
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10 

85.0 
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70 
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51 

39.4 
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111 
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52 
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33.0 
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72 
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53 
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13 
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54 
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34.3 

14 

88.1 

72.3 

74 
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34.9 
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43.3 

36.5 

16 

89.7 

73.6 

76 
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67 
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17 
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77 
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68 

44.8 
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18 
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78 
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69 

45.6 
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19 
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Dep. 

Lat. 

Dbt. 

Uep 

Lat. 

Dist. 

Dep. 

Lat. 

Dist 


89  146 
146 


93  149 

94  150 

95  150 

96  151 


200154 


Dift. 


114.8; 
116. 5i 
116.1! 
116. 7 
117.4 
118.0 
118.6 
119. 3 
119.9 
120.5 


121.2 
121.8 
2122.4 
0123.1 
123.7 
124.3 
3125.0 
125.6 
126. 2 
126.9 


127. 
128. 
128.8 
129.4 
130.1 
130.7 
131.3 
132.0 
132.6 
133.2 


25  173, 


30177 


231  178.6 
32179. 

33  180. 

34  180. 

35  IBI. 
36182. 
37183. 


Dist.'  Dep. 


133.9 
134.5 
136.1 
136.8 
136.4 
137.0 
137. 
138.3 
138.9 
139.6 


Lat. 


I8t>.3152.9 
187.11153.5 
187.8  164.2 
188.6  164.8 
189. 4156. 4 
190.2166.1 
190. 
191. 
192.5 
193.3  158 


63  195. 
64196.3161 
66  197.1 

56197 
198.7 

58  199.4 

59  200.2 

60  201 .0 


J61201. 
62  202. 
63203. 
64  204. 
65204. 

66  206.6 

67  206 

68  207 

69  207 

70  208.7 


87 


79216. 


216.4  177 


217 
218 
218 
84|2I9.6 
86  220. 
86  221. 
221. 

6 


88  222. 

89  223. 

90  224.2 


9176 


291  224. 
92225. 
93226. 
94  227 . 
96228. 

96  228. 

97  229 . 

98  230 

99  231 . 
231. 


Lat. 


[For  4^  Points 


~X>hi.\  Lat. 

Dep.) 

J 

I  00.1 

r  00.71 

i 

t  01. t 

)  01.3 

1  02. J 

I  02. 0| 

i 

I  03. ( 

>  02.7; 

I 

^  03  .1 

f  03.4 

( 

>•  04.4 

i  04.0, 

• 

r  05.5 

1  04. 7| 

i  05. S 

1  05. 4i 

j 

)  06.7 

r  06. o' 

V  07  .4 

\  06.7 

11  08. 

.  07.4 

IS  08. S 

08.1 

13  09  .6 

08.7 

U  10.4 

09.4 

1^  11.1 

10.1 

16  U.9 

10.7 

171  12.6 

11.4 

lel  13.^ 

12.1 

19  14.1 

12.8 

20'  14.8 

13.4! 

21 

15.6 

14.1 

22  16.3 

14.8 

lA  J7.0 

15.4 

t4i  17.8 

16.1: 

25!  18. d 

16.8 

.  26  19. 3 

17.5 

27 

20. 0 

18.1 

28 

20. 7 

18. 8< 

29 

21. 5 

19.5, 

30 

22.2 

20.1' 

31 

23.0 

20. 8i 

32 

23.7 

21.5! 

^^ 

24.5 

22.2 

34 

25.2 

22.8* 

35 

25.9 

23.5 

36 

26.7 

24.2 

37 

27.4 

24.8 

38 

28.2 

25.5 

39 

28.9 

26.2- 

40 

29.6 

26.9, 

4 

30.4 

27.5, 

42 

31.1 

28.21 

43 

31.9 

28.91 

44 

32.6 

29.5: 

45 

33.3 

30.2 

46 

34.1 

30.9 

47 

^.8 

31 .6 

48 

35.6 

32.2! 

4^ 

36.3 

32.9 

50 

37.0 

33.6' 

51 

37.8 

34.2, 

62 

38.5 

34.9 

53 

39.3 

35.6 

54 

40.0 

36.3 

55 

40.8 

36.9 

56 

41.5 

37.6 

57 

42.2 

38.3 

58 

43.0 

39- 0 

59 

43.7 

39. 6 

60 

U  b 

40.3 

DM. 

l)rr, 

F.at.  W 

•  TABLE  I. 

*  Difference  of  Latitude  and  Departure  for  3 1  Points. 
NJ:.|N.  N.W.|I».  S.E^S.  S.W.|8. 
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DUt.  Dep. 


N.WJW. 


S.W.:|W. 


[For44Foiiih. 


Goog 


16 


TABLE  I. 

Difference  of  Latitude  and  Departure  for  4  PoinU, 

S.E. 


NE. 

N.W. 

Dist 

LAt. 

1  \__, 
uep. 

LrI. 

Dt'p.  L 

1 

00.7 

00.7 

1"  1 

ol 

It  1 

01 .4 

fit  I 

'K> .  o 

All  tt 

3 

t\0  1 

UZ .  1 

t\1  1 

oo 

4^  .O 

A.I 
*rw  . 

4 

AO  O 

UZ .  o 

u*» 

4o .  J 

*r*J  .  w> 

5 

UJ.a 

Vo .  0 

/lit   f  k 

^rO  .  0| 

6 

fiA.  >9 

U4.  * 

oo 

'Jo .  1 

4/;  7 

7 

t\A  Q 

u  / 

/IT  t 

4.7  4 

8 

05 .7 

UO  .  / 

rift 

.I'l  1 
.  1 

^LK  1 

rO  .  1 

9 

Ub  .4 

tUl  A 

UO.4 

uy 

m  t 
u  / .  1 

flT  1 
U  /  .  1 

in 

49.5 

49.5 

07 .0 

07 .8 

<  1 

i 

HQ 

*)o .  O 

nu  It 
uo .  o 

75 

*>u .  y 

50.9 

■  13 

no  9 

uy  •  2 

f  o 

(it  A 

51  6' 

14 

UJf  .If 

no  u 
uy .  y 

1  "W 

OZ .  o 

15 

in  r, 

lU.v) 

in 

IO 

n 

53.0 

16 

II  1 
1 1 . «} 

It  '1 

/■V 

OO .  1 

53  71 

17 

>  X  .u 

1  O  ft 

77 

54  4 

18 

7B 

OO  .  * 

56.2 

19 

7Q 

ly 

O.J .  y 

55.9 

Zll 

14.  1 

iA  1 

OU 

56 . 

56. 6| 

21 

14. o 

14. o 

O  1 

ol 

Of  .o 

67.31 

1  7^  A 

10  .o 

la  ■  o 

58  0 

23 

lb .  •> 

Jb  •  «> 

Oo  .  1 

58  7 

24 

17. q! 

17.0 

p/i. 

oy .  4- 

69.4 

26 

17.7 

17.7 

oO 

DU  .  1 

60. 1 

26 

18.4 

18.41 

OO 

An 
ou .  o 

60.8 

it.7 

19.1 

19.1 

ft7 

O  1 

0 1  .  o 

61  5 

28 

19.8 

19.8 

Oo 

.  z 

62  2 

29 

20.6 

20.5 

HO 

oy 

o« .  y 

62  9i 

30 

21.2 

21.2 

on 
yu 

63.6 

63.6' 

"si 

21.9 

21.9 

AA  H 

64. 3 

32 

22.6 

22.6 

Q9 

A'l  1 
U.J  ■  1 

65. 1 

33 

23.3!  23.3 

41 
j«> 

All  fl 
UO .  O 

65  8 

34 

2i.O 

24.0 

Q  L 

AA 

uo .  o 

66.5 

35 

24.7 

24.7 

y<j 

A7  5 

U  1  .  X 

67  .2 

36 

25.6 

26. 5 

JO 

A7  •» 

Of..' 

67 . 9 

37 

26.2 

26.2 

Q7 

7  1 

AR  a 

oo .  u 

68  6 

38 

26.9 

26.9 

AQ  S 
oy .  u 

69.3 

39 

27.6 

27.6 

yy 

70  (1 

70.0 

40 

28. 3i  28.3 

inn 

70.7 

70.7 

41 

29.0 

29.0 

1  n 

7  1  . 
II.' 

fill 

4S 

29.7 

29.7 

fJ9 

ni 
f «. . 

72  1 

i  30.4 

30.4 

7y  H 

72  8 

44  31.1 

31.1 

\r 

71  f 

1  "Is  5 

45  31.8 

31. B 

74  S 

74  2 

46  32.fi 

»  32.5 

7'S  (1 

75  0 

47  33. S 

33.2 

l>7 

7'!  ^ 

75  7 

4H  33. li 

1  33.9 

7A  J 
IO  . 

76  4i 

V. 

»  34.6 

>  34.6 

w 

77 

77  l! 

U 

)  35  .4 

t  35  .4 

1 1 

77. J 

77.8 

51 

1  36.1 

36.1 

1  1 

1 1 

7K  i 

)  78. 5' 

65 

I  36  .  f 

{  36.8 

12 

79. J 

79.2' 

.  61 

J  37.! 

i  37.5 

la 

79.1 

79.9 

5^ 

I  38.1 

{  38.2 

14 

30. ( 

)  80.6 

6i 

b  38  .1 

}  38. "J 

u 

81.: 

81.3 

6( 

5  39. ( 

)  39  .6 

16 

;  82. ( 

82.0 

5' 

1  40. i 

J  40.3 

n 

82.' 

82.7 

5 

3  41. ( 

)  41.1 

n 

83.^ 

83.4, 

69  41 .' 

1  41J 

IS 

84. 

84.1' 

€0j  42.. 

i  42.1 

2( 

»  84.' 

84.9 

Dist.i  Den 

L&t. 

Ubt 

.  Dep 

Lat. 

N.E. 

N.W. 

•  TABLE  U.     •  • 

Difference  of  Latitude  and  Departure  for  1  Degree. 
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Di?t. 

Lat. 

Dep. 

Dist 

Lat. 

Dep.  I 

Ul.«. 

Lat. 

Dep. 

1 

01.0 

00.0 

61 

61 .0 

01 

.1 

121 

121 .0 

02.1 

S 

02.0 

00.0 

62 

62.0 

01 

.1 

23 

Izz  .0 

AA  \ 

3 

03.0 

00. 1 

63 

63.0 

01 

i; 

23 

123.0 

AA  1 

02*1 

4 

04.0 

00.1 

64 

64.0 

01 

0  4 

24 

124.0 

AO  A 

02.2 

5 

05.0 

00. 1 

65 

65.0 

01 

•  ly 

2.') 

125 .0 

02.2 

G 

06.0 

00. 1 

66 

b6.0 

01 

2h 

t  0 1.*  A 

126.0 

A.A  A 

02  •  2 

■ 

07.0 

00. 1 

67 

57 .0 

01 

.2 

27 

127 .0 

02. z 

t 

08 .0 

0().  1 

68 

68.0 

01 

.2 

Art 

28 

1  00  A 

128.0 

AA  0 

02.2 

i 

09 .0 

00.2 

69 

69 .0 

01 

.2 

29 

1  AO  A 

AA  # 

02.3 

IG 

1  10.0 

00.2 

70 

70.0 

01 

.2 

30 

130.0 

aa  a 

02.3 

Jl 

11.0 

00.2 

71 

71 .0 

01 

.2 

131 

131.0 

02.3 

It! 

12.0 

00.2 

72 

72.0 

01 

.31 

32 

132.0 

aa  a 

02.3 

13 

13.0 

00.2 

73 

73.0 

01 

.3 

33 

133.0 

aa  a 

02.3 

14 

14.0 

00.2 

74 

74.0 

01 

•3; 

34 

134.0 

02.3 

16 

15.0 

00.3 

75 

75.0 

01 

35 

135.0 

AA  4 

OS. 4 

16 

16.0 

00.3 

76 

76.0 

01 

.3I 

36 

136.0 

02.4 

17 

17 .0 

00.3 

77 

77.0 

01 

.3I 

37 

137.0 

02.4 

18 

18.0 

00.3 

78 

78.0 

01 

•4 

38 

138.0 

02.4 

19 

ly  .0 

00.3 

79 

79.0 

01 

.41 

39 

139.0 

02.4 

2( 

zO  .0 

0O.3 

80 

1 

80.0 

01 

.4! 

40 

1 40 . 0 

02.4 

SI 

21 .0 

00.4 

81 

81 .0 

01 

.4 

141 

141 .0 

02.5 

AO 

22 

22.0 

00.4 

82 

82.0 

01 

.4 

42 

142 .0 

AO  C 

02.6 

23 

23.0 

00.4 

83 

83 .0 

01 

.4 

4.1 

143 .0 

AA  e 

24 

Z4.0 

00.4 

84 

84.0 

01 

.61 

44 

14*  A 

1  -44 . 0 

AO  C 

02.5 

So 

00.4 

86 

UO.O 

01 

.5; 

4o 

1  4  r  A 

145.0 

AO  H 

02 .5 

Ztl 

ZO  .0 

00.5 

86 

80.0 

01 

.6 

1    1  A 

i4d  .0 

Art  P 

03.5 

27 

27  .U 

00.5 

87 

87  .0 

01 

.5I 

47 

1  4  <Y  A 

147 .0 

All  f 

02-6 

zo 

zo.U 

00.5 

on 

88 

88  .0 

01 

.5' 

A  0 

4b 

1  4  0    J  1 

148 .0 

AO  £ 

Ok. 6 

29 

29.  U 

00.5 

89 

89 .0 

01 

.6| 

A  l\ 

t  A  fk  A 

149 .0 

AA  C 

02. 0 

30 

30.0 

00.5 

90 

90.0 

01 

.6 

60 

1  £.A  i\ 

150.0 

AO  C 

02 .6 

31 

31.0 

00.5 

91 

91  0 

01 

.6 

151 

151 .0 

02.6 

32 

32.0 

00.6 

92 

92 .0 

01 

.6 

52 

152.0 

02.7 

33 

35.0 

00.6 

93 

93.0 

01 

.6 

53 

153.0 

02.7 

34 

34.0 

00.6 

94 

94.0 

01 

.6 

54 

154.0 

AA 

02.7 

35 

35. 0 

00.6 

95 

95. 0 

01 

.7 

55 

155.0 

AA 

02.7 

36 

36.0 

00.6 

96 

96.0 

01 

.7 

66 

156.0 

AA  09 

02.7 

37 

37. 0 

00 .6 

97 

97 .0 

01 

.7 

57 

157.0 

AA  M 

02.7 

38 

38  .0 

00.7 

98 

98.0 

01 

.7 

58 

4  ^  n  A 

158.0 

AO 

02.8 

39 

39. 0 

00.7 

99 

99.0 

01 

.7 

59 

159. 0 

AA  A 

02.8 

40 

•W)  -O 

UU  .7 

UK) 

100.11 

01 

.7 

C  A 

60 

fl      A  A 

160 .0 

AO  0 

Oi.8 

41 

41  -O 

00.7 

101 

101 .0 

01 

.8 

161 

161 .0 

AO  f\ 

02 .  C 

42 

42  .O 

00 .7 

f  AO  A 
10^  .0 

01 

.8 

bi 

4  4"  "3  A 

162 .0 

UZ .  0 

43 

43.0 

00.8 

OJ 

•  AO  A 

01 

.8 

163.0 

44 

4-t.O 

00.8 

04 

1  A  4  A 

104.0 

01 

.8 

o4 

t       A  A 

164.0 

46 

45.0 

00.  b 

05 

1  /I  £  A 

105.0 

01 

.8 

65 

i6j.O 

46 

46 .0 

00.8 

06 

1  ikf  A 

lOo  .0 

01 

.8 

fl 

166.0 

AO  A 

47 

47.0 

00.8 

A^ 

07 

1  A*7  A 

107 .0 

01 

.9 

bl 

167.0 

AO  A 

vz.y 

48 

48.0 

00.8 

08 

1  AO  A 

108.0 

01 

.9 

68 

168.0 

A(3  /i 

02.9 

49 

49.0 

00.9 

09 

1  Aft  A 

109 .0 

01 

.9 

69 

169.0 

AA    f  1 

02. 

50 

50.0 

00.9 

10 

1  1  A  A 

1 10.0 

01 

T  A 

70 

1  "VA  0 

170.0 

AQ  A 

0.1.0 

61 

61 .0 

00.9 

111 

111  .0 

01 

.9 

171 

171 .0 

03.0 

62 

52.0 

ou.y 

1  o 

1 1  z .  u 

02.0 

1  Z 

1  f  Z  .U 

uo .  u 

63 

63. 0 

00.9 

13 

113.0 

02.0 

73 

173.0 

03.0 

64 

64.0 

00.9 

14 

114.0 

02.0 

74 

174.0 

03.0 

66 

55.0 

01.0 

15 

115.0 

02 

.0 

75 

175.0 

03.1 

66 

56. 0 

01.0 

16 

116.0 

02 

.0 

76 

176.0 

03.1 

67 

57.0 

01. 0 

17 

117.0 

02 

.0 

77 

177.0 

03.1 

68 

68.0 

01.0 

18 

118.0 

02 

.1 

78 

178.0 

03.1 

59 

59  0 

01.0 

19 

119.0 

02 

.1 

79 

179.0 

03.1 

60 

60.0^ 

01.0 

20 

120.0 

02 

.1 

80 

180.0 

03.1 

Difll.l  l>ep  ' 

Lat. 

Dist. 

Dep. 

Lat. 

Dist. 

Dtp. 

Lat.  ' 

Di&t.,  Lat. 

TsTllbl 
182 
183 


86 
87 
88 
89 


82 
83 
84184 
85186 


90  190 


95 
96 
97 
98 
99 


lb6 
187 
188 
189 


191 


191 
9«|19 

93  193 

94  194 


195 
196 
197 
198 
199 


200  200 


201  201 
02202 
03'203 
04  204 
06  805 
06  206 
071207 

08  208 

09  209 
10210 


211 
12 
13 
14 
15 
16 
17 


211 
12212 
I3I213 
214 
15215 
16216 
217 
18  218 
19219 
20  220 


221 
22 


24 
26 


Vlil 
222 
23  223 


224 

1^ 


26  226 

27  227 


28  228 

29  229 
30 


230 


231  231 
32  232 
33233 
34  234 

35'235 
36':36 
237 


37 
38  238 
39239 
40  240 


DUt 


Dep.  tiDist.i  Lat.  j  Drp. 


03.2 
03.2 
03.2 
03.2 
03.2 
03.2 
03.3 
03.3 
03.3 
03. 


03.3 
03.4 
03.4 
03.4 
03.4 
03.4 
03.4 
03.6 
03.6 
03.5 


03.5 
03.5 
03.3 
03.6 
03.6 
03.6 
03.6 
03.6 
03.6 
03  .7 


03.7 
03.7 
03.7 
03.7 
03.8 
03.8 
03.8 
03.8 
03.8 
03.8 


Dep 


03.9 
03.9 
03.9 
03.9 
03.9 
03.9 
04.0 
04.0 
04.0 
04.0 


0|  04  .0 
04.0 
04 
04 
04 
04 
04.1 
04.2 
04.2 
04.2 


l.Ht 


241 
42 


241 

242 


43  243. 
4V244. 
45 
46 
47 

48  248 

49  249 
60  250 


245 

246. 

'H7 


251 
52 

53  263 
MZ54 

66  266 
66  2.')6 
57  257 

68 
59 
60 


251 .0 
252.0 
0 
.0 
.0 
.0 
.0 

'Z58.0 
259.0 
260.0 


261.0 
0 

263.0 
264.0 
0 

266.0 
267.0 
268.0 

69  269.0 

70  270.0 


261 
62  262 
63 
64 

65  265. 
66 
67 
68 


271  271.0 
72!272.0 
731273. 0 
74I274.O 


75 


275.0 


76  276.0 

77  277.0 
78.278.0 
791279.0 
80  280.0 


S81 


281 


82  282. 

83  283. 
84284. 
85285. 


0 
.0 
0 
0 
0 

86  2R6.0 

87  287.0 

88  288.0 

89  289.0 

90  290.0 


I))5t.  Pep 


291  291.0 
92  292.0 
293.0 
0 
.0 
.0 
.0 
.0 

299.0 
0 


93: 

94  294. 

95  295. 

96  296 , 

97  297. 

98  298. 
99 

3001300 


[For  89  Degrees. 


Digitized  by  GcJDgle 


TABLE  II.  • 
Di/Terence  of  Latitude  and  Departure  for  2  Degrees. 


Dist. 

LBt. 

1/ep. 

f  ^!«l 
lilSl. 

f  n* 

LiQl. 

Ut'p. 

\J\S\. 

1  Mt 

l)(>rt 
I'cp. 

1 

01 .0 

00.0 

61 

61.0 

U«  .  1 

1  Z  1 

1  *>A  (J 

1  ~u .  y 

fkA  *> 
U4.  Z 

2 

02 .0 

AA  1 

00. 1 

o - 

C4  A 
OZ  .U 

UZ  .  «. 

99 

l^'>1  Q 

(\X  1 
yj*9 . 0 

Q 

o 

Oo  .U 

AA  1 

00 .  1 

Do 

£1  A 
00.  U 

U2  .  i 

A 

nd  1 

4 

U't.V 

AA  1 
00  .  i 

fiA 

f^A  A 

04.  U 

UZ .  X 

191  4 

1Z«J  .  7 

ft.1  1 

e 

Uo.V 

AA  '} 

uu .  z 

o.^ 

00  .U 

n9  '\ 
uz .  o 

104  q 

Uo  .U 

AA  O 
UU  .  Z 

00 

A 

00  .U 

.  o 

zu 

I*>rj  (1 

04  4 

r  5 

U7 .0 

AA  <9 
OU  .  i 

0  / 

CI  A 

o/  .u 

\n .  o 

Z  1 

i  -^u .  13 

04  4 

^  o 
o 

AO  A 

Do  .0 

AA  1 
UU  .  J 

Oo 

^R  A 
Do  .  U 

n*>  A 
u.— .  *» 

9R 

Zo 

1«7  q 

04  fl 

*  o 

An  A 

AA  1 
UU  .  O 

cu 
oy 

A 

oy .  u 

n*»  A 

1  zo  ■  J 

04  ^ 

1  ft 

lU 

1 A  A 

AA  1 

OU .  0 

tv 

7n  n 

uz .  "» 

tn 

Ov 

I9Q  <) 

04  f\ 

1 1 

1 1 .0 

00.4 

T  1 

7 1 

T  1  A 

71.0 

1  '11 
lol 

1  •\(\  n 

1  ou .  y 

A^  a 
04.  n 

1  o 
1 X 

1 0  A 

AA  A 
UU  .  4 

1 ». 

7«>  A 

n^ 

uz .  o 

tO) 

o» 

1 1 1  0 
10 1  . 

AA  i> 

1 1 

lo 

1  •!  A 

lo  .U 

AA 

UU  .  J 

•71 
/O 

7^  A 

/O  .U 

n<*  i; 
UZ  .  o 

tt 
OO 

I  oz .  J 

AA 
U4 .  D 

1  ^ 

14 

14. U 

AA  r. 
UU .  5 

7A 
<  4 

7A  A 
/4  .U 

XJZ  .  o 

lA 

o* 

1 11  0 
1 00 .  J 

n4  7 
u** .  • 

IRA 

AA  r. 
UU .  O 

7  r, 
to 

7I»  A 
/O  .U 

uz .  o 

oo 

1 0* .  y 

AA  7 
U4 .  < 

1  c 

1  16 

1  C  A 

Afl  i: 

UU .  o 

1i\ 
lU 

7<;  A 

/o  .u 

nf  7 
uz .  / 

oo 

It's  0 

AA  7 

r  IT 
\ 

IT  A 

17.0 

AA  C 
UU  .O 

77 

77  A 
<  /  .U 

no  7 
uz .  / 

t7 
o  / 

1 00 .  y 

AA  H 
U4 .  0 

lo 

1  U  A 

lo  .0 

AA  d 
UU  .  O 

7h 
fo 

70  A 
»0  .U 

n#  7 

uz .  1 

^R 

Oo 

1 0 1  -  J 

l\X  ft 
U-»  .  0 

1 Q 
17 

1  n  A 
l!i  .U 

AA  1 
UU .  / 

f  J 

70  A 

/y  .U 

UZ  .  D 

tQ 
03 

1  '{R  Q 
1 00  .  ^ 

AA  U 
U  •  ■  J 

9ti 
ZU 

OA  A 

AA  T 

■  UU .  I 

oU 

OA  A 

ou .  U 

n<?  i( 
uz .  o 

An 

1 1Q  Q 

1 0  J  .  13 

n.i  Q 
U'» .  y 

Li  t 

Zl 

21.0 

00.7 

ul 
til 

ol  .U 

Usi .  n 

1  .<  1 

141 

1  AA  Q 

14U.  y 

04 .  y 

IV)  D 

UU .  o 

oz 

R<9  A 
02  .U 

n4  u 
u* .  y 

42 

141 .9 

n<;  A 
uo .  u 

Zo 

^o .  U 

AA  D 
UU  .  o 

OO 

oz .  y 

u.£ .  y 

43 

142.9 

n*!  A 
uo .  U 

Z4 

O  L  A 
Z4.U 

A  A  O 
UU  .  o 

RA 
Ot 

oo .  y 

n9  (i 

u.^ .  J 

44 

143.9 

n*i  n 

uo  .1' 

OK 

A 

AA  n 
UU .  y 

OO 

OA  O 

o4 .  y 

m  n 
uo .  u 

45 

144.9 

nr.  1 
uo .  1 

<9£  A 
ZD  .  I' 

AA  (il 

UU .  yi 

RA 
OO 

oo .  y 

ni  n 
uo .  u 

46 

145.9 

ASt  1 
uo .  1 

£  1 

OT  A 
i  1  .y} 

A/1  n 
UU .  y 

R7 
O  1 

ttc  a 
oo .  y 

t\1  A 

uo  .u 

47 

146.9 

A%  1 

Oq 

.Zo 

A 

A1  A 

Ul  .u 

Oo 

07  fl 

t)  f .  y 

Al  1 

uo .  1 

48 

147.9 

Uo .  z 

29 

<1Q  A 

A1  A 

Ul  -U 

UU 

OO .  y 

At  1 

Uo .  1 

49 

148.9 

Al^  >4 

Uo .  z 

ou 

*IA  n 

A1  A 

Ul  .u 

oy  .y 

A'l  1 

uo .  1 

50 

149.9 

At^  0 

Uo .  z 

f 

Ml  A 

ol  .0 

At  1 

01 . 1 

<l  1 

yi 

90.  y 

AO  O 

03  .z 

151150.;) 

Uo  .0 

JZ 

40  A 
OK.U 

Al  1 

01  .  1 

J- 

At  fl 

yi  .  J 

A't  4 

UO  .  z 

62:151.9 

Afi  t 

uo .  0 

11  A 

Oo  •  u 

Al  <9 

01  •  * 

yo 

(]<'>  o 

y* .  y 

nt  o 
uo .  z 

531152.9 

nti  t 
uo .  «> 

a* 

lit  A 
04.U 

Al  C) 
Ul  .  * 

J* 

111  n 
yo .  y 

At  t 

uo .  o 

5t 

153.9 

n^  A 

uo .  •» 

OO  .u 

UA  (1 

y4.  y 

nt  1 
uo .  o 

55 

154.9 

O'l  1 
uo  .  4 

oo 

oo  .u 

Al  'I 
Ul  .  O 

yo .  y 

At  /I 
uo .  4 

56 

155.9 

A^  t 
UO  .  1 

Of 

17  A 

o  / .  u 

U  i  .  o 

yo .  y 

fit  A 
uo . 't 

571156. 9 

uo .  0 

OO  .u 

n  1  "x 
Ul  .  o 

(17  Q 

y  1 .  y 

nt  A 

uo .  •♦ 

58 

157.9 

vo . .) 

f 

A 

oy  -U 

Al  A 
U I  .  4 

QQ 

OR  u 

yo .  y 

At  1^ 

uo .  o 

59 

158.9 

nii 
uo .  i) 

tnJ 

/lA  A 

A 1  A 
Ul  .4 

inn 

on  o 
yy  •  y 

At  r, 
U.J .  0 

60 

159.9 

A  ri  r 

ilo  ■  0 

A  1 

-II  A 

41 .0 

01.4 

1  f  1 1 

lUI 

KKJ.y 

Oo . .') 

161 

160.  y 

05.6 

il')  A 

4—  .0 

A 1 

Ul  .0 

1 A 1  n 

lu  1 .  y 

At  C 

UO .  ft 

62 

161.9 

Uo .  / 

A1 
40 

A1  A 

4o  .0 

At 

Ul  .o 

nt 
uo 

1 A9  O 

luz .  y 

At  C 

Uo .  0 

6;? 

162.9 

Ar.  7 
Uo .  / 

AA 

AA  A 

44. U 

A 1 

Ul  ■  O 

nA 

V**- 

1  Al  A 

luo .  y 

At  C 
UO  .  O 

64 

16.'].  9 

AR  7 

Uo .  / 

40 

Ar;  A 

A  f  /I 

Ul  .u 

n^ 

vO 

1 A  1  O 

1 U4 .  y 

At  7 
UO  .  / 

65 

164.9 

Ar;  0 
UO .  0 

40 

1£  A 

40  .0 

Al  r. 
01 .0 

n^ 

luo  .y 

At  7 
Uo  .  f 

66 

165.9 

A(i  u 
UO .  0 

A? 

.1*7  A 

Al  K. 

01  .1) 

luo .  y 

At  7 
Uo .  / 

67 

166.9 

uo .  0 

AQ  A 
4o  .U 

Al  *7 

01  .  / 

nn 

1  fV7  Q 

lUf . y 

At  O 
UO  .  O 

68 

167.9 

ni%  (1 
uo .  y 

I  4I» 

AO  A 

4y  .U 

Al  T 

Ol  ■  / 

no 
uy 

1  AQ  Q 

lUo .  y 

At  U 
UO  .  O 

69 

168.9 

fl*;  It 
uo .  J 

ov 

OU .  U 

Al  T 

01  .  / 

in 

lU 

1  AO  Q 

luy .  y 

At  (' 
Uo .  0 

70 

169.9 

A'.  0 

u. ) .  y 

51 

A 

51 .0 

A 1  CI 

01 .  o 

III 
111 

1  f  A  A 

110.9 

AO  #\ 

03.9 

171 

170.9 

f  11?  A 

06 .0 

OZ .  U 

A 1  Q 
U I  ■  O 

111  Q 

1 1 1 .  y 

At  O 

UO .  y 

12. 

171 .9 

(Ml  .  (J 

53 

53.0 

01.8 

13 

112.9 

03.9 

73 

172.9 

06.0 

54 

54.0 

01.9 

14 

113.9 

04.0 

74 

173.9 

06.1 

,  55 

55.0 

01.9 

15 

114.9 

04.0 

75 

174.9 

06.1 

'  5G 

56.0 

02.0 

16 

115.9 

04.0 

76 

175.9 

06.1 

57 

57.0 

02.0 

17 

116.9 

04.1 

77 

176.9 

06 . 

53 

58.0 

02.0 

18 

117.9 

04.1 

78 

177.9 

06.2 

b'J 

59.0 

02.1 

19 

118.9 

04.2 

79 

178.9 

06.2 

60 

60.0 

02.1 

20 

119.9 

04.2 

80 

179.9 

06.3 

Dep.  i 

I,at.  1 

Dist 

Dep. 

Lat. 

Dist 

Dep.  1 

l.tit. 

Dist.;  Lat. 


181 

82 

83  18 

84  183 

85 
86 
87 
88 


180.9 
181 .9 
2.9 
9 

184.9 
185.9 
lh6.9 
187.9 
89  188.9 
90189.9 


191 

92 

93  192 
94193 

95 
96 

97  196 
98 
99 
200 


201 


200.9 
y 

2.9 
2U3 . 9 
204.9 
205.9 
206 . 9 
9 

208.9 
10  209.9 


02  201 

03  202 
0-1 
05 
06 
07 

08h2O7 
09 


221 

22 


Disl 


190.9 
191.9 
2.9 
.9 

194.9 
195.9 
1.9 
197.9 
198.9 
199.9 


211 
12 
13 
14 
lo 
16 

17216 
18217 
19 


210.9 
211 .9 
212.9 
213.9 
214.9 
215.9 
.9 
.9 

218.9 
20219.9 


220 
221, 


9 
9 
9 
9 
.y 

.9 

226 . 9 
:27.9 
228.9 
229.  y 


23222. 

24  223 

25  224 

26  225 
27 
28 
29 
30 


231  230 

32  231 
33 

34233 

35  234 
361235 
37 
38 
39 
40 


.9 
.9 

232.9 
.9 
.9 

235.9 
236.9 

'2;j7.y 
:;j8.9 

239.9 


Dep 


Dep. 


06.3 
06.4 
06.4 
06.4 
06.5 
06.5 
06.5 
06.6 
06.6 
06.6 


06.7 
06.7 
06.7 
06.8 
06.8 
06.8 
06.9 
06.9 
06.9 
07.0 


07.0 
07.0 
07.1 
07.1 
07.2 
07.2 
07.2 
07.3 
07.  ;l 
07 


07.4 
07 
07 
07 
07 
07 
07 
07.6 
07.6 
07.7 


07.7 
07.7 
0Y.8 
07.8 
07.9 
07.9 
07.9 
08.0 
08.0 
08.0 


08.1 
08.1 
08.1 
08.2 
08. 
08. 
08.3 
08. 
08. 
08. 


Dist.,  Lat.  j  Dep. 


241  240 

42  241 

43  242 

44  243 

45  244 

46  245 

47  246 

48  247 

49  248 

50  249 


251  250 

52  251 

53  252 

54  253 

55  254 

56  256 

57  256 
581257 
59|258 
60  259 


261 


62  261 

63  262 

64  263 

65  264 

66  265 

67  266 

68  267 

69  268 


70 


271 


291 


260 


269 


270 


72  271 

73  272 

74  273 

75  274 

76  275 

77  276 

78  277 

79  278 

80  279 


281280 

82  281 

83  282 

84  283 

85  284 

86  285 

87  286 

88  287 

89  288 

90  289 


290 


92  291 

93  292 
94293 
951294 

96i295 

97  296 

98  297 

99  298 
300  299 


08.4 
08.4 
08.5 
08.5 
08.6 
08.6 
08.6 
08.7 
08.7 
08.7 


08.8 
08.8 
08.8 


08 
08 
08 
09 
09 
09.0 
09.1 


.9 
.9 
.9 
.0 
.0 


IalI.  Di.st.  Dep.  IjiI 


09.1 
09.1 
09.2 
09.2 
09.2 
09.3 
09.3 
09.4 
09.4 
09. 4 


09.5 
09.5 
09.5 
09.6 
09.6 
09.6 
09.7 
09.7 
09.7 
09.8 


09.8 
09.8 
09.9 
8j  09.9 
09.9 
10.0 
10.0 
10. 1 
10.1 
10.1 


10.2 
10.2 
10.2 
10.3 
10.3 
10.3 
10.4 
10.4 
10.4 
10.5 


[For  88  Degrees 


uiyiiizad  by  Google 


TABLE  II. 
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Difference  of  Latitude  and  Departure  for  3  Degrees. 


Dist. 

Lat 

Dep. 

Dist. 

Lat.  1 

Dep. 

Dist. 

Lnt. 

Dep. 

1 

'  1 

AO  Q 

O't  9. 

120  8 

on  3 

ft  U  1 

180.8 

09 .  .7 

j  s 

00  1 

6"* 

61  y 

03  2! 

22 

121 .8 

06 .4 

82 

181 .8 

09.6 

03  0 

00.2 

63 

62  9 

03.4' 

23 

122.8 

06.4 

83 

182.7 

09.6 

'  4 

04  0 

00  2 

64 

63  y 

03.3 

24 

123.8 

06  .5 

8V 

183.7 

09.6 

05  0 

00.3 

65 

f>4  9 

03.4 

25 

124.8 

0<>.5 

85 

184.7 

09 . 7 

06.0 

00.3 

66 

65  9 

03.6 

26 

125.8 

06.6 

86 

186.7 

09.7 

1  .7 

07.0 

00.4 

67 

66.9 

03.6; 

27 

126 .8 

06.6 

87 

186.7 

09.8 

'  8 

08 .0 

00.4 

68 

67  9 

03.6 

28 

127.8 

06.7 

88 

187.7 

09.8 

i  I 

09 . 0 

00  6 

6H  9 

03.6 

29 

128.8 

06.8 

89 

188.7 

09.9 

i  1(1 

10 .0 

00.6 

70 

69  9 

03.7 

30 

129 .8 

06.8 

90 

189.7 

09.9 

1 1 
J I 

1 1  n 

71 

70.9 

OS  1 

111 
1  «>l 

1  'Ul  R 

OA  Q 

!  l<tl 

liH)  7 

ft  »/V/  >  f 

10.0 

1* 

12  0 

00  6 

72 

71.9 

0.3  8' 

131  H 

06  9 

92 

191 .7 

10.0 

13  0 

00  7 

73 

72.9 

03  8 

33 

132  fi 

07  .0 

i  93 

192  7 

10. 1 

14 

14  0 

00  7 

74 

73.9 

03  9 

.'i4 

1.33  8 

07.0 

94 

193.7 

10.2 

15.0 

00  8 

76 

74.9 

03  M 

35 

l:i4  8 

07. 1 

95 

194.7 

10.2 

16.0 

00  8 

76 

76.9 

04  0 

36 

1.35  8 

■  «.ffv  •  U 

07  1 

9(i 

195.7 

10.3 

17 

17 .0 

00  9 

77 

76.9 

04  0 

^7 

\j  ff 

136  8 

07  2 

97 

196.7 

10.3 

IH 

18.0 

00.9 

78 

77.9 

04. 1 

137  K 

07  2 

ff  •  * 

197.7 

10.4 

19 

19  0 

01  0 

79 

7B.9 

Q\  1 

138  8 

07  3 

99 

198.7 

10.4 

'  20 

20.0 

01 .0 

80|  79.9 

04.2 

40 

139.8 

07.3 

2t>0 

199.7 

10.5 

•^1  0 

01  1 

1  B» 

80.9 

04  1 

1  J.I 

I40  a 

117  4 

200  7 

10.5 

22 

22.0 

01 .2 

82 

81.9 

04.3 

4-^ 

141  .8 

07.4 

02 

201  .7 

10.(1 

23 

23.0 

01 .2 

83 

82.9 

04.3 

43 

142.8 

07,5 

03 

202 . 7 

10.6 

24 

24.0 

01 .3 

84 

83.9 

04.4 

44 

FV 

143.8 

07.5 

04 

203.7 

10.7 

25 

25.0 

Oi  .3 

86 

84.9 

04.4 

45 

144.8 

07.6 

05 

204.7 

10.7 

26 

26.0 

01 .4 

86 

86.9 

04.5 

4(i 

145.8 

07.6 

06 

205.7 

10.8 

27 

27.0 

01 .4 

87 

86.9 

04.6 

1  i6 .8 

07.7 

07 

206.7 

10.8 

28 

28.0 

01 .5 

88 

87.9 

04.6 

48 

147.8 

07.7 

08 

207.7 

10.9 

29 

29.0 

01 .6 

89 

88. 9 

01.7 

49 

148.8 

07.8 

09 

208.7 

10.9 

30 

30.0 

01 .6 

90 

89.9 

04.7 

.SO 

149.8 

07  9 

10 

209.7 

11 .0 

1  SI 

'11  0 

Ql 

90.9 

04  ft 

t  1 1 

i  %J\f  .  O 

07  0 

'*I0  7 

»  1  v  •  ff 

1 1  0 

ft   ft    •  V/ 

32 

32.0 

01 .7 

!  92 

91.9 

04  8 

1  .'>  1  8 

08  0 

12 

21 1 .7 

11.1 

33 .0 

01  7 

93 

92.9 

0<l  9 

08  0 

1.1 

^  1  4*  •  t 

11.1 

34  0 

01 .8 

1 

93.9 

04  M 

1  S'l  8 

OR  1 

14 

213.7 

11  .2 

01  8 

95 

94.9 

OS  0 

1  S4  8 

08  1 

214  7 

*  ft  ^  •  f 

1 1 .3 

36  0 

01 

,  96 

95.9 

O')  0 

1  kit/  •  o 

16 

215.7 

11.3 

37 

36  ^ 

01 .9 

,  97 

96.9 

05  1 

Wi 
a  t 

1  '')6  8 

08^  f 

17 

ft  ' 

216.7 

11.4 

37  9 

02.0 

.  98 

97.9 

05 . 1 

uo 

1  'i7  t: 

1  «J  ff  •  u 

08  3 

18 

217  7 

« ft  (  •  ff 

1 1 .4 

3;i  9 

02.0 

1  99 

98.9 

05.2 

158  8 

08  3 

IN 

ft 

'18  7 

11.6 

39 

02.1 

!  100 

99.9 

05.2 

60 

1 59 . 8 

08.4 

20 

219.7 

1 1 .5 

40  9 

02. 1 

1  101 

100.9 

05.3 

Wil 

OH  4 

^20  7 

11  6 

42 

41 .9 

02.2 

1  02 

101.9 

05.3 

62 

161 .8 

08.5 

22 

221 .7 

11 .6 

43 

42.9 

►  02. 3 

03 

102.9 

05.4 

63 

162.8 

08.6 

23 

2'J2  7 

1 1 .7 

44 

43.9 

02.3 

04 

103.9 

05.4 

64 

163.8 

08.6 

24 

223.7 

11.7 

45 

44.9 

02.4 

05 

104.9 

05.5 

65 

164.8 

08.6 

26 

224.7 

11  .S 

46 

45.9 

02.4 

06 

105.9 

05.6 

66 

166.8 

08.7 

26 

225.7 

11.8 

47 

46  9 

02.5 

07 

106. 9i  05.6 

67 

166.8 

08.7 

27 

226.7 

11.9 

4n 

47  9 

02.5 

08 

107.9 

05.7 

167.8 

08  .8 

28 

227.7 

11 .9 

4Q 

48  9 

02.6 

09 

103.9 

05.7 

69 

168.8 

08.8 

29 

228.7 

12.0 

4W  9 

02.6 

10 

109.8 

05. K 

70 

ff  V 

169  8 

08  9 

SO 

229.7 

12.0 

nt 
Ol 

111 

110.8 

05.8 

171 
III 

17M  ft 

flM  0 
uo .  J 

12  1 

62 

61 .9 

02.7 

12 

111  .8 

05.9 

171  8 

09.0 

32 

231.7 

12.1 

53 

62.9 

02.8 

13 

112. 8<  05.9 

73 

172.8 

09.1 

33 

232.7 

12.2 

64 

63.9 

02.8 

14 

113.8 

06.0 

74 

173.8 

09.1 

34 

233.7 

12.2 

55 

64.9 

02.9 

15 

114.81  06.0 

76 

174.8 

09.2 

35 

234.7 

12.3 

66 

65.9 

02.9 

16 

115.8)  06.1 

76 

176.8 

09.2 

36 

235.7 

12.4 

67 

66.9 

03.0 

17 

116.8 

06.1 

77 

176.8 

09.3 

37 

236.7 

12.4 

68 

67.9 

03.0 

18 

117.8 

06.2 

78 

177.8 

09.  Si 

38 

237.7 

12.5 

69 

68.9 

03.1 

19 

118.8 

06.5 

79 

178.8 

09.* 

39 

238.7 

12.5 

60 

59.9 

03.1 

20 

119.8;  06.3 

80 

179.8 

09.4 

40 

239.7 

12.6 

l>ist. 

Dep. 

Lat. 

Oist. 

Dep. 

Lat. 

Dist. 

Dep. 

ut. ! 

Di^. 

iVp. 

Lat. 

DUt.  Lat 


241 
42 
4.1 
44 
4.-. 
46 
47 

4}; 


240 
241 
242 
243 

:i4 

245 
2A6 
247 


49  248, 


60 


249 


251 


62  261 


53 
54 
65 
56 
67 
68 
69 
60 


261 
6 

6;< 
64 
65 

6«; 

67 
61 
61' 
70 


I  Dep. 


250, 


i52 
J53 
264 
i56 
256 
257 
258 
269 


260.6 
t6\ .6 
.•62.6 
263.6 
J(i4.6 
'(i5.6 
266.6 
267.6 
268.6 
269.6 


271 
72 
73 
74 
75 
7t 

771276.6 


270.6 
271 .6 
272.6 
273.6 
274.6 
275.6 


78 


79  278.6 


80 


281 
82 


277.6 


279,6 


280.6 
281.6 

83  282.6 

84  283  .6 

85  284 

86  286 

87  286 

88  287.6 

89  288.6 

90  2C9.6 


291 

92 


97 
98 
99 
300 


290.6 
291 .6 

93  292.6 

94  293.6 
96  ^94. 6 
96  295.6 


296.6 
297.6 
298.6 
299.6 


Disl.!  Dep. 


Lat. 


[Fur  87  Degrees. 


:o 


*TABLE  II. 

Difference  of  Latitude  and  Departure  for  4  Degrees. 


Lm.  1 

n.p. 

Di-t 

I.Ht 

l)<  |). , 

Disl.; 

LHt. 

Dt'p.  1 

DiM. 

Lul. 

Dep. 

1 

01.0 

(Mi.l 

61 

60 . ;» 

04. 3| 

i2i; 

120.7 

08. 4I 

181 

180.6 

12.6 

2 

02.0 

00.1 

6: 

61 .8 

04. 3i 

€>-> 
*-! 

121 .7 

08. 5| 

82 

181.6 

12.7 

3 

03.0 

00.2 

6;i 

62.8 

04.4) 

2.V122.7 

08.6 

83 

182.6 

12.8 

4 

04.0 

00  3 

64 

63.8 

04.5 

24' 1 23.7 

08.6 

84 

183.6 

12.8 

5 

05.0 

00.3 

6.) 

('>4.8 

04.5 

2.)i  124.7 

08.7 

85 

184.5 

12.9 

6 

06.0 

00 ,  I 

<;•; 

65 .  M 

04.6! 

26' 

I2.'i.7 

08 .  y. 

86 

185.5 

13.0 

7 

07.0 

00.5 

67 

66 .  :< 

04.71 

27! 

126.7 

08.9 

87 

186.5 

13.0 

fl 

08.0 

00.6 

6S 

67.  R 

04.7 

28 

127.7 

08.9 

88 

187.5 

1 .3 . 1 

1* 

o;>.o 

00.6 

69 

68 . 8 

o^  8 

29 

128.7 

09.0 

89  188.5 

13.2 

10 

10.0 

00.7 

70 

69.;; 

01.9 

30 

129.7 

09. 1 

y»|l89.5 

13.3 

11 

11.0 

(K).8 

71 

70.8 

05.0 

131 

130.7 

09.1 

I9IU9O.5 

13  3 

VI 

15.0 

00.8 

7: 

71  .K 

05.0 

32 

131.7 

09.2 

921191 .5 

13.4 

13 

13.0 

00.9 

73 

72.:; 

05.  li 

3.1 

132.7 

09.3 

93  192.5 

13.5 

li 

14.0 

01. 0 

74 

73.8 

05. 2| 

34 

133.7 

09. 3 

94;  193. 5 

13.6 

.  1.) 

15.0 

01 .0 

75 

74.8 

05.2 

35 

134.7 

09. 4 

95 

194.5 

136 

\r, 

16.0 

01 .1 

76 

75.8 

05.3 

36 

135.7 

09.5 

96 

195.5 

13.7 

17 

17.0 

01.2 

77 

76.8 

05.4 

37 

136.7 

09.6 

97 

196.5 

13.7 

IK 

18.0 

01.3 

7  a 

77.8 

05.4 

38 

137.7 

09 . 6 

93 

197.5 

13.8 

111 

I'J.O 

01 .3 

7!> 

78.8 

05. o 

39 

138.7 

09. 7| 

99 

198.5 

13.9 

CO 

20.0 

01 .4 

80 

79.8 

05.6 

4n 

139.7 

09.  o| 

200jI99.5 

14.0 

•z\ 

20. y 

01.5 

81 

80.  K 

0.^.7 

TTl 

140.7 

09.8 

201j200.5 

14  0 

21 .9 

01.5 

82 

81.8 

05.7 

42 

141.7 

09.91 

02 

201.5 

14. 1 

23 

22.9 

01. C 

83 

82.8 

05.8 

43 

142.7 

10.0 

03 

202.5 

14.2 

24 

23.9 

01 .7 

84 

83.8 

05.9 

4^ 

143.6 

10.0, 

04 

203.5 

14.2 

2u 

24.9 

01.7 

85 

84.8 

05 . 9 

45 

144.6 

10.1 

05 

204.5 

14.3 

20 

25.9 

01.8 

86 

85.  L' 

06.0 

46 

145.6 

10.2 

061205.5 

1  (.4 

27 

2G.9 

01 .9 

87 

86.  H 

06. 1 

47 

146.6 

10.3 

07 

206.5 

14.4 

2H 

27.9 

02.0 

88 

87.8 

06.1 

4.'} 

U7.6 

10.3 

08  207.5 

14.5 

211 

28.9 

02.0 

89 

88.8 

06.2 

49 

148.6 

10.4 

01> 

20«.5 

14.6 

30 

21).  9 

02.1 

90 

89.8 

06 . 3 

50 

149.6 

10.5 

10 

J09 . 5 

14.6 

31 

30.9 

02.2 

91 

90.8 

06.3 

151 

150.6 

10.5' 

211 

210.5 

14.7 

32 

31.9 

02  2 

92 

91 .8 

06.4 

52 

151  .6 

10.61 

12 

211  5 

14.8 

33 

32.9 

02.3 

93 

92.8 

06.5 

53 

I. -.2. 6 

10. 7| 

13 

212.5 

1 4 . 9 

31 

33.9 

02.4 

94 

93.8 

Oft  6 

54 

153.6 

10.7 

14 

213.5 

14. 9 

3o 

34.9 

02.4 

95 

94 . 8 

06.6 

55 

154.6 

10.8 

15 

214.5 

15.0 

36 

35.9 

02.5 

96 

95  8 

06.7 

56!  165. 6 

10.9 

16 

215.5 

15.1 

37 

36.9 

02.6 

97 

96.8 

06 . 8 

57 

l.'}6.6 

,  11.0 

17 

216  5 

15. 1 

3r! 

37 . 9 

05.7 

98 

97.8 

06.8 

68 

l.'>7.6 

11  Ot 

18 

217.5 

15.2 

39 

38.9 

02.7 

99 

98.8 

06. 9 

69 

158.6 

. .  . 

11  .ll 

19 

218.5 

15.3 

40 

39.9 

02.8 

100 

1  99.8 

07.0 

60 

1.59.6 

11.2 

20 

219.5 

k5 .  .3 

40.9 

02.9 

101 

100.8 

07.0 

'  161 

160  6 

11.2 

221 

220.6 

15.4 

42 

41.9 

02.9 

O'l 

iOl.8 

07. 1 

:  62 

161 .6 

11  .3 

221.5 

15. 0 

43 

42.9 

03.0 

03 

102.7 

07.2 

,  63 

162.6 

11 .4 

23 

222.5 

15.6 

44 

43.9 

03.1 

04 

103.7 

07.3 

•  64 

163.6 

11.4 

24 

223.5 

15.6 

4.S 

4-1.9 

03.1 

05 

104.7 

07.3 

;  65 

164.6 

11.5 

25 

224.5 

15.7 

46 

45.9 

03.2 

06 

105.7 

07.4 

1  66 

16.'>.6 

11.6 

26;225.4 

15.8 

47 

46.9 

03.3 

O7|l06.7 

07.5 

1  67 

166.6 

11.6 

27  226.4 

15.8 

4;i 

47.9 

03.3 

081107.7 

07.5 

68 

167.6 

11 .7 

28|227.4 

15.9 

4y 

48.9 

03.4 

09 

108.7 

07.6 

'    69  168.6 

11.8 

29 

228.4 

16  .0 

50 

49.9 

03.5 

10 

109.7 

07.7 

70'l69.6 

11  .9 

30!229.4 

16.0 

50.9 

03.6 

111 

110.7 

07.7 

1  171 

170.6 

11.9 

231 

230.4 

16. 1 

52 

51 .9 

03 .6 

12 

111  7 

07.8 

'  72 

171 .6 

12.0 

32 

231 .4 

16.2 

53 

52.9 

03.7 

13 

112.7 

07.9 

73 

172.6 

12.1 

33 

232.4 

16.3 

54 

53.9 

03.8 

14 

113.7 

03.0 

74 

173.6 

12.1 

34  233.4 

16.3 

55 

54.9 

03.8 

15 

1 14.7 

08.0 

,  75 

174.6 

12.2 

35 

1234. 4 

16.4 

5t. 

55. 9 

03.9 

16 

115.7 

08.1 

76 

175.6 

12.3 

36i235.4 

16.5 

57 

56 . 9 

04.0 

17 

116. 7 

08.2 

1  77 

176.6 

12.3 

37 

236.4 

16.5 

5K 

57.9 

04.0 

18 

117.7 

08.2 

78 

177.6 

12.4 

38 

237.4 

16.6 

511 

5H.9 

04.1 

19 

118.7 

08.3 

79 

178.6 

12.5 

39 

238.4 

16.7 

60 

59.9 

04.2 

20 

119.7 

08.4 

80 

179.6 

12.6 

40  239.4 

16.7 

Oiit. 

Dep. 

Lat. 

loist. 

Dep. 

Lot. 

Dist 

Dep. 

DUt.l  Dt  p. 

I.at. 

Dist.  Lat 


241 


47 


240. 


42  241 
242 
243 


43 
44 
45 
46  245 


246 


48  247. 

49  248. 

50  249 


Dep. 


25li250 
52!251 . 
631252 . 
64;253. 
65  2.-.4. 
56  255 . 
671256 . 
581257. 
59  258 
6O259.4J 


261  260.4 

62  261.4 

63  262.4 
64263.4 
65  264.4 
661265.4 
671266.3 
68  267.3 
69!268.3 
70;269.3 


271  270.3 

72  271.3] 

73  271.3| 

74  273 
274 


75 

76 


77  276 


78 


277.3 


80 


281 


.3 

,3i 

•31 


79 278.3 


279.3 


280 


82  281 
03  262, 
84  283 
85284 

86  285. 

87  286 
8K  287 
89288. 


90 


93 


289 


3 
3 
3 
3 


8 
9 
0 
0 
I 
2 
7. ft 
7.3 
7.4 
7.4 

5 
6 
6 
7 
7.8 
7.9 
7.9 
8.0 
8.1 
8.1 


8.2 
8.3 
8.5 
8.4 
8.5 
8.6 
8.C 
8.7 
8.8 
8.8 


8.9 
9.0 

9.a 

9.1 
9.2 
9-3 
9.3 
9.4 
9.5 
9.5 


9.6 
9.7 
9.7 
9.8 
9.9 
20.0 
3i  20.0 
20.1 
20.2 
20.2 


291290. 
92  291. 


292.; 


94|29S.: 
95  294.1 
96295.31 


:to.9 

20.4. 

20.4 

20.5 

20.6 

tO.6 


97  296.3j  20.7 

98  297.3;  20.8 
99298.3;  20.9 

300  299.3;  20.9 


[For  86  DegrM** 


d  by  Google 


TABLE  II. 

Difference  of  Latitude  and  Departure  for  5  Degrees. 


21 


.Dim. 

1 
n 

3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
\H 
19 
20 

~7i 

22 
23 
2k 
25 
2G 
27 
28 
29 

"HI 
32 
33 
31 
35 
36 
37 
38 
39 
40 

4-1 
42 
43 
4^1 
45 
46 
47 
48 
49 
60 

~bi 
52 
63 
51 
55 
56 
57 
58 
69 
60 

Dist. 


I^t.  Dep. 


Ul.O 
U2.0 
03.0 
04.0 
05.0 
06.0 
07.0 
08.0 
09.0 
10.0 


OO.l 
00. S 
00.3 
00.3 
00.4 
00.5 
00.6 
00. 7 
00.8 
00.9 


11.0 

12.0 
13.0 
13  9 
14.9 
15. 9| 
16.9! 
17.91 
18. 9| 
19.9 


01.0 
01.0 
01 
01 
01 


20.9 
21 .9 
22.9 
23.9 
24.9 
25.9 
26.9 
27.9 
28. 9| 
29.9! 


01 
01 
01 
01 
01.7 


Uist.i  Lat.  Dep. 


61 
62 
63 
64 

65 
66 
67 
68 
69 
7U 


01.8 
01.9 
02.0 
02.1 
02.2 
02.3 
02.1 
02.4 
02.6 
02.6 


30.9 
31.9 
32.9 
33 
3i 
35 
36 
37 
38. 9| 
39.81 


02.7 

02.8 

02.9 

03.0 

03.1 

03.1 

03.2 

03.3 

03.4 

03.5 


10.81 
41  .81 
42. 8j 
43.8 
44.8 
45.81 
46. 8| 
47.8 
48.  Hi 
49.8 


03.6 
03.7 
03.7  I 
03.8 


71 
72 
73 
71 
75 
76 
77 
78 
7'J 
80 


60.8 
61.8! 
62.8 
63.8 
64.8 
65.7 
66.7 
67.7 
68.7 
f^9.7 


70.7 
71.7 
72.71 
73.7 
74.7 
75. 
76.7 
77.7 
78.7 
79.7 


81) 

82 
83 
8t 
85 
86 
87 
88 
89 
90 


80.7 
81.7 
82.7 
83.7 
81.7 


05. 3| 
05.4 
05.5 
05.6 
05.7 
U5.8 
05.8 
05.9 
06.  (i 
06.1 


06. 
06.3 
06. 4 
06.4 
06.5 
06.6 
06.7 
06.8 
06.9 
07.0 


85 

86 
87 
88 
89 


91 

92 
93 
91 
95 
96 
97 
98 
99 
100 


07.1 
07.1 
07.2 
07.3 
07.4 
07.5 
07.6 
07.7 
07.8 
07.8 


90.7 
91.6 
92.6 
93.6 
94.6 
95.6 
96.6 
97.6 
9G.6 
99. 6i 


07.9 
08.0 
08.1 
08.2 
08.3 
08.4 
08.5 
08.5 
08.6 
08.7 


03 
04 
04 
01 
01 
01 


50. h! 
51.8 
62.8 
53.8 
.•>4.8 
55.8 
56.8 
57.8 
58.8 
59.8 


Dep. 


01.1 
01.5 
04.6 
01 
04 
0-i 
05 
05 
05 
05.2 


101100. 6* 
02  101.6 

031102.6' 
0n03.6| 
051 101. 6; 
06  105.6 


07 
08 

09 
10 


111 

12 


15 
16 
17 


106.6 
107.6 
108.6 
109.6 


110.6 
111.6 
131112.6 
I4|ll3.6 
114. G 
115.6 
116. C 
18117.6 
19113.5 
20  119.5 


LaL  liDist.  Dep. 


08.8 
08.9 
09.0 
09.1 
09.2 
09.2 
09.3 
09.4 
09.5 
09.6! 


09.7 
09.8 
09.8' 
09.9: 
10. 0| 
10.1' 
10. 2| 
10. 3i 
10.4' 
10.5! 


23|122.5 

24  123.5 

25  124.5 
125.5 
126.5 
127.5 


26 
27 
28 


29  128.5 


30 


131 
32 

33 
3-t 
33 
3(] 
37 
38 
39 
40 


111 
42 

43 
41 
4.'> 
46 
47 
40 
49 
50 


151 

5: 
53 
5i 


56 
57 

68 
59 
60 


IGl 

62 
63 


65 
6t 
67 
68 


129. 6 


Dist.  l.ai 


10. 
10.6 
10.7 
10.8 
10.9 
11.0 
11 
11.2 
11.2 
11.31 


130.5 
131.5 
132.5 
133.5 
134.5 
135.5 
136.5 
137.5 
138.5 
139.5 


110. 
111. 
1 12 
113 

m.i 

145 
116 
117.4 
148.4 
119 


11.1 
11.5 
116 
11.7 
11.8 
11.9 
11.9 
12.0 
12.1 
12.2 


12.3 
12 
12 
12.6 
12 
12.7 
12.81 
13 
13 
13.1 


150.4 
151.4 
152.4 
153.4 


65154.4 


156.4 
156.4 
157.4 
158.4 
159.4 


13. 
13 
13 
13.4 
13 
13 
13.7 
13.8 
13.9 
13.9 


IGO 
161 
162.4 
64163.4 
164.4 
165.4 
166.4 
167.1 

69  168.1 

70  169.1 


171 

72 


71 173 
75  171 


76 
77 


170.3 
171.3 
73  172.3 
3 
3 
3 
3 


175 
176 
78  177 


3 

79)178.3 
80  179. 3i 


11.0 

14.1 

14.2 

14.3 

14.4 

14.5 

14.6 

14.6 

14.7 

14.8 


11.9 
15.0 
15.1 
15.2 
15.3 
15.3 
15.4 
15.6 
15.6 
15.7 


180. 
181. 
g3  182.3 
81 183.3 
181.3 
185.3 

:6.3 
187.3 
188.3 
189.3 


85 
86 
87 
88 
89 
90 


191 

92 
93 
91 
95 
96 
97 
98 
W 
200 


2U1 


l>«'p 


15.  H 
15.9 
15.9 
16.0 
16.1 
16.2 
16.3 
16.4 
16.5 
16.6 


lyo.3 
191.3 
192.3 
193.3 
194.3 
195.3 
196.3 
197.21 
198.2 
199.2 


200.2 

02  201.2 

03  202.2 

04  203. 2 


211 
12 


05 
06 

07  206  . 2 
08 
09 
10 


20-t.2 
206.2 
2 

207.2 
09  208.2 

209.2 


Lat.  Dist.  Dep.  I  Lat.   DiM.  Dep. 


210 
211 
13312.2 
11213.2 
214.2 
16215.2 
17216.2 
18217.2 
19218.2 


20 


221 
22 


28 
29 


219.2 


220.2 
221.2 

23  222.2 

24  223.1 

25  224.1 

26  225 . 1 

27  226.1 


227.1 
228.1 
30329.1 


231 
32 


33  232 . 1 

34  233.1 

35  234  . 1 


36 


•230 . 
'?31. 


235.1 


37  236 . 1 

38  337.1 

39  238 . 1 

40  239.1 


16.6 
16.7 
16.8 
16.9 
17.0 
17 
17.2 
17.3 
17.3 
17. H 


17.5 
17. 
17.7 
17.8 
17 
18.0 
18.0 
18.1 
18.2 
18.3 


Dist.!  Lat.  •  D»  p. 


211|2M)  I 
421211 .1 
43  212.1 
4-11213.1 
151244.1 
46j245.1 
47*246. 1 
48|347.1 
49{348.1 
60j249.0 

"23Ti2.'iO.O 
62j25l  .0 
63  252.0 
54  263.0 
65  254.0 

56  255.0 

57  256.0 


68 


69  258.0 


<;o 


261 


63 
61 
65 
66 


18.1) 

18.5 

18.6 

18.7 

18.7 

18.8 

18.9 

19.0 

19.1 

19.2 


19.3 
19.3 
19 
19.5 
19.6 
19.7 
19.8 
19.9 
20.0 
20.0 


68 
69 
70 


271 

72 
73 


75 
76 
77 


257.0 


259.0 


21.0 
21.1 

21.2 
31 .3 
31 .4 
21.4 
21.6 
21.6 
21 .7 
21 .8 


21.9 
22.0 
22.1 
32 . 1 
32.2 
22.3 
2^.1 
22.5 
22.6 
22.7 


260.0 
62  261.0 
262.0 
263.0 
264.0 
265.0 
67  266.0 
267.0 
268' 0 
269  0 


270  0 

271  i) 
:72D 

71  273.0 
271.0 
274 
276 
78  276 
79277 
80  278.9 


22.7 

22.8 

22 .9 

23.0 

33.1 

23.2 

83.3 

33.4 

23.4 

23.5 


23.6 
23.7 
23.8 
23. 9 
£4.0 
24.1 
24 
21 
24 
24 


.1 
.3 
.3 
.4 


28 1  279. 


20.2 
20.3 
20 
20.5 
20.6 
20.7 
20.7 
20.8 
20.9 


Lat. 


8 

83 
81 


2:;0 
281 
282 


U6  283 
86284 
87 
88 
89 
90 


285 
286 
287 
288 


9 
9 
9 
9 
9 
91 
.9 
.9 

.9 
.9 


289, 
290, 


291 

92 

93  291 

94  292.9 


95 
96 

97  295 
981296 

99 
300 


293.9 
294.9 
.9 
.9 
297.9 
298.9 


21.5 
21.6 
21.7 
21.8 
24.8 
24.9 
25.0 
J5.1 
25.2 
25.3 


25.4 

25.4 
25.5 
25.6 
25.7 
25.8 
25.9 
26.0 
26.1 
26.1 


Disl.  Dep.  I  Lat. 
"[For  86  Degrees. 


TABLE  II. 

Difference  of  Latitude  and  Departure  for  6  Degrees. 


Hon 

LMst 

Lat. 

Uep. 

'  Dist 

Lat. 

1 
1 

UU.  1 

61 

60.7 

06.4 

121 

120.3 

2 

OA  9 

62 

61 .7 

Uo  .0 

*^  *i 

121.3 

•1 

net  '\ 

63 

62.7 

Uo  .0 

53 

122.3 

A 

no  1 

64 

63  6 

l/b .  < 

24I123.3 

iJ 

n't  (1 

on 

65 

64.6 

Uo .  0 

25 

124.3 

f. 

UU  .  0 

66 

65.6 

Uo .  y 

26 

125.3 

7 

07  0 

nn  7 

UU  .  4 

67 

66.6 

\j1  .0 

27 

126.3 

u 
o 

OR  n 

no  •  < 

nn  M 

UU  .  0 

68|  67.6 

u7 . 1 

J  28 

127.3 

n 
J 

nn  u 
UU  .  y 

691  68.6 

U7 .  Z 

29 

128.3 

in 

OQ  <l 

ni  n 

U I  .  u 

70 

69.6 

07.3 

30 

129.3 

1 1 
1 1 

If)  I 

A 1  1 
Ul .  1 

71 

70.6 

07.4 

131 

130.3 

ni  1 

72 

71 .6 

07  .6 

32 

131.3 

ni  A 
u  1 .  * 

73 

72.6 

07.0 

33 

1132.3 

1  r 

ni  \ 

74 

73.6 

ni  1 

34 

133.3 

I  if 

ni  <i 

U  J  .  l> 

7.'> 

74.6 

u7  .0 

35 

134.3 

i  «J  •  17 

ni  T 
Ul  .  4 

76 

75.6 

ni  a 

U7  .y 

36 

135.3 

1  f 

I  U  •  17 

ni 

Ul.il 

77 

76.6 

no  #1 

37 

136.2 

1 « > 

1  f  • 

ni  n 

U  I  .  I'l 

78 

77.6 

Uo . " 

I  38 

137.2 

1  M 

\\\  0 

n9  n 

79 

78.6 

no  Q 
U8  .0 

39 

138.2 

atn 

09  1 

80 

79.6 

Uo .  4 

40 

139.2 

*  1 

81 

80.6 

08.5 

141 

140.2 

O*?  1 

U/i  .  t> 

BI  .6 

nu  £ 
Uo  .b 

42 

141.2 

mi 

u^ .  •» 

8.i 

82.5 

no  0 
Uo .  / 

43 

142.2 

24. 

0^2  *> 
u*  •  0 

84 

83.5 

nil  Q 
Uo .  0 

4-4 

143.2 

O")  f> 

85 

84.5 

no  n 
Uo .  \){ 

45 

144.2 

09  7 
u*  .  f 

8(> 

85.5 

no  n' 
Uif  .u 

46 

145.2 

0<^  ft 
u*. .  0 

87 

86.5 

no  1 ' 
uy .  J 1 

47 

146.2 

» /  0 

n*^  n 
U-. . 

88 

87.5 

09.2 

48 

147.2 

•  Mi 

ni  n 
Utj  .  u 

89 

88.5 

no  4 
09.0 

49 

148.2 

uo .  1 

90 

89.5 

nn  A 
09.4 

50 

149.2 

r  0! 

fit  Lt 

0J.2 

91 

90.;, 

09 . 5 

151 

150.2 

01.0 

ni  1 

92 

91 .5 

no  c 

oy  .0 

52 

151.2 

>>•> 

I")  n 

ni  J. 
uo .  + 

93 

92.0 

no  1 
uy  .7 

53 

152.2 

ni  R 
uo .  0 

91 

93.5 

no  u 
uy .  0 

54 

153.2 

'IJ  H 
O*! .  0 

01  7 

uo .  < 

95 

94.6 

Uj  •  y 

55 

154.2 

00  •  0 

01  ft 
uo .  0 

96 

95.5 

1  n 

1  u .  u 

56 

155.1 

•>  1 

09  •  0 

01  Q 

uo  .  J7 

9/ 

96 . 5 

lU .  1 

57 

156.1 

\/r  •  0 

0-1  0 

9rf 

97 . 5 

in  <> 

58 

157.1 

•M  ft 

01  1 

99 

98.5 

in  1 
lU .  0 

59 

158.1 

m  ft 

04  " 

10(» 

99 . 5 

in  1^ 
lU .  0 

60 

159.1 

4  1 

\t\  u 
•lU .  0 

U*.  0 

101 

100.4 

10. b 

161 

160.1 

J.' 

<il  ft 

n  I  J. 

U-*  . 

02 

101  .4 

in  "7 

62 

161 . 1 

*»•> 

.  0 

Oil  r, 
U4 . 0 

0:i 

102.4 

In  u 
lU.o 

63 

162.1 

i)r 

't'l 

ill  H 

nA  *i 

04 

103.4 

In  (k 
10.9 

64 

163.1 

OjI  7 

05 

104.4 

II  i\ 
1 1  .U 

65 

164.1 

nA  n 
u* .  0 

06 

105.4 

II  1 
11.1 

66 

165.1 

J.7 

nA  0 
u'* .  y 

07 

i06.4 

11  i> 
ii  .  z 

0 1 

1 1 

.tM 

4i7  7 

n<%  n 
uo .  U 

08 

107.4 

1 1  . 0 

68 

167.1 

n^  1 

uo  •  1 

09 

108.4 

II  1 
11.4 

69 

168.1 

AO 

4*1  7 

OA 

10 

109.4 

11  r; 
I  1  . 0 

70 

169.1 

t>  J 

Wl  7 

n-»  1 
uo  •  0 

111 

110.4 

1    1  A* 

171 

170.1 

52 

51 .7 

05.4 

12 

111  .4 

11.7 

72 

171 .1 

53 

52.7 

05.5 

13 

112  4 

11.8 

73 

172.1 

54 

53.7 

05. G 

14 

113.4 

11.9 

74 

173.0 

55 

54.7 

05.7 

15 

114  4 

12.0 

75 

174.0 

bL 

55.7 

05.9 

16 

115.4 

12.1 

76 

175.0 

57 

56.7 

06.0 

17 

116.4 

12.2 

77 

176.0 

58 

57.7 

06.1 

18 

117.4 

12.3 

78 

177.0 

j'J 

58.7 

0(1.2 

11* 

11«.3 

12.4 

79 

178.0 

«0 

51) .  7 

0(J.3 

201119. a 

12.5 

80 

179.0 

Hst. 

De|>. 

l.Ht. 

Dist.l  Dep. 

Lttt.  ' 

Dist. 

Dep. 

Dep. 


2.6 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 


4.3 
4.4 
4.5 
4.6 


4.7 
4.8 
4.9 
5. 1 
5.2 
5.3 
6.4 
5.5 
5.6 
6.7 


6.8 
5.9 
6.0 
6.1 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 


Di«.,  Lat. 


181,180.0 


6.8 
6.9 
7.0 
7.1 
7.2 
7.4 
7.5 
7.6 
7.7 
7.8 


7.9 
8.0 
8.1 
8.2 
8.3 
8.4 
5 
6 
I 

8.8 


Lat. 


82 
83 
84 
85 
86 
87 
88 
89 
_90 

"T9I 
92 
93 
94 
95 
96 
97 
98 
99 

200 


181.0 
182.0 
183.0 
184.0 
185.0 
186.0 
187.0 
188.0 
189.0 


201 


190.0 
190.9 
191 .9 
192.9 
193.9 
194.9 
195.9 
196.9 
197.9 
198  1^ 


199  9 

02  200.9 

03  201.9 

04  202.9 
05203.9 
06  204 
07]205 
08  206 

207 


09 


10  208.8 


211 
12 


209.8 
210.8 


Dep.  .  Di.st.i  Lat. 


18.9 
19.0 
19.1 
19.2 

19. 3j 
19.4 
19.5 
19.7 
19.8 
19.9 


20.0 

20.1 

20.2 

20.3 

20.41 

20.6 

20.6 

20.7 

20.8 

20.9 


21 .01 

21.1 

21.2 

21.3 

21.4 

21.5 

21 .6 

21.7 

21.8 

22.0 


cut 


13211.8 
14  212.8 
l.'>i2I3.8 
16;214.8 
17215.8 
18'216.8 
19217.8 


20 


221 


231 

32 


218.8 


219.8 
8 
8 

222 . 8 
6  223.8 
224.8 
.8 
.8 
.7 

30  228.7 


2  220. 

23  221 

24 
w> 

26 

27  225 

28  226 

29  227 


22 
22 

22 

22.6 
22.7 
22.8! 
22.9 
23.01 


229.7 
230.7 
33  231.7 
34' 232. 7 
35i233.7 
36i234.7 

37  235.7 

38  236.7 
39237.7 
40  238.7 


23.1 
23.2 
23.3 
23.4 

2;?. 5 
23.6 
23.7 
23.8 
23.9 
24.0 


24.11 

24. 3| 

24.4 

24.5, 

24.6 

24.7! 

24.8; 

24.9 

26.0; 

25.1' 


Dist.l  Dep. ' 


241  239.7 

42  240.7 

43  241.7 
44242.71 

45  243 

46  244.7 

47  245.6 

48  246.6 

49  247.6 

50  243.6 


271 


249.6 
.6 
.6 
6 
.6 
.6 

57  255.6 

68  256.6 

69  257.6 
60  258.6 


2j» 

62  250 

63  251 
54  252. 
65  253 
56  254 


ep. 


25.2 
25.3 
25.4 
25.5 
25.6 
25.7 
26.8 
25.9 
26.0 
26.1 


26.2 
26.3 
26.4 
26.6 
26.7 
26.8 
26.9 
27.0 
27.1 
27.2 


261 

621260 


259.6 
6 

63  261 

64  262 

65  263 

66  264 
265.5 

68  266.5 

69  267.5 

70  268.5 


269. 5 

72  270.6 

73  271.6 

74  272.5 

76  273.5 

76  274.5 

77  275.5 

78  276.5 

79  277.5 

80  278.5 


281 

8t: 

83  281 

84  28 

85 

86  284 

87 
88 

89  287 

90  288 


■  6 
.7 


27.3 
27.4 
27.5 
27 
27 
27.8 
27.9 
28.0 
28.1 
28.2 


28.3 


4 

5 
6 
7 


28 
28 
28 
28 
28. 8 
29.0 
29.1 
29.2 
29. 3 


79.5 
2U0.5 
.4 
2.4 
283.4 
4 

285.4 
286.4 
4 
4 


2ii9.4 
.4 
4 

>2.4 
.4 
4 
4 

•^96. 4 
297.4 
300  298.4 


291 

92  290. 

93  291 

94  292. 

95  29S. 

96  294. 

97  295. 
98 
99 


Lat.  Dist.'  Pep 
[For  84 


29.4 
29.5 
29.6 
29.7 
29.8 
29. 9 
30.0 
30.1 
302 
30. 3 


30.4 
30.5 
30.6 
30.7 
30.8 
30.9 
31.0 
31.1 
31. 3 
31.4 


Lat. 


i 


1 


.    TAJJLE  II. 
Difference  of  Latitude  and  Departure  for  7  Degrees. 

T35t 


2S 


Dist.,  Lat. 

Dep. 

Dial. 

Lat. 

Dep.  . 

Lai. 

Dep. 

1 

01.0 

00.1 

61 

60.6 

07. 4| 

121 

120. 1 

14.7 

2 

02.0 

00. z 

62 

61 .6 

07. b, 

OA 

22 

1  A  1  t 

izl .  1 

t  A  A 

14.9 

3 

03.0 

00.4 

63 

62.6 

A*V     ft  1 

07. 7| 

23 

1  AO  1 

Izz.  1 

1  IL  A 

16. U 

4 

04.0 

00.6 

64 

63.5 

#\ft  ri 

07  .8 

A  A 

24 

1  A  4  1 

iz3. 1 

IK.     1  ' 

15.  Ij 

6 

05.0 

00.6 

66 

64.5 

07 .91 

25 

1  A  1  1 

124.  1 

15.* 

6 

06.0 

00.7 

66 

65.5 

08 .0 

26 

1  O  r  1 

125 . 1 

IK  A 

15.4 

7 

06.9 

00.9 

67 

66.6 

08 .2. 

Aft 

27 

126 . 1 

16.5 

8 

07.9 

01 .0 

68 

ft  r 

67 .5 

08.31 

AO 

to 

1x7.0 

1  K  C 

15. b 

9 

08.9 

01 . 1 

69 

68.5 

An  A 

08.4 

An 

29 

128.0 

15.7 

10 

09.9 

01 .2 

70 

69  5 

08.5 

30 

«  A/V  f\ 

129.0 

15.8 

11 

10.9 

01. 3[ 

1  71 

70.5 

08.7 

131 

130.0 

16.0 

12 

11.9 

01 .5 

72 

71 .5 

08. 8j 

131 .0 

16. 1 

13 

12. y 

01 .6 

73 

I'i.b 

08.9 

33 

132.0 

16.2 

13.9 

01 .7 

74 

73.4 

09 .0 

34 

133.0 

16.3 

15 

14.9 

01 .8 

ft  K 

75 

74.4 

09. 1 

35 

134.0 

1  /•  r 

16.5 

16 

15.9 

01 .9 

ft  /* 

76 

75.4 

09.3 

30 

1 35 . 0 

16  6 

17 

16. 'J 

02. 1 

77 

7G.4 

09.4 

37 

136  .0 

16.7, 

\H 

17.9 

02.2 

78 

77.4 

09.5 

38 

137.0 

16.8 

lU 

18.9 

02.3 

79 

78.4 

09.6 

3y 

138 .0 

16.9 

20 

19.9 

02.4 

80 

79.4 

09 .7 

40 

i.jy  .0 

1ft  1 

17 . 1 

21 

20.8 

02.6 

81 

80.4 

09.9 

'  141 

1 

139. 9 

17  .2 

22 

21.8 

02.7 

82 

n  4  A 

81 .4 

10.0 

A  A 

1  42 

t  Ag\  fl 

140.9 

1  ft  O 

17 .3 

23 

22.8 

02.8 

83 

82.4 

10 . 1 

1 

14  1  fl 

1 4 1 ,  y 

1  ^  A 

17.4 

2+ 

23.8 

Uz.9 

o4 

AO  A 

83.4 

10.2 

A  A 

44 

i4Z  .9 

17.5 

25 

24.8 

U3.U 

8a 

84.4 

10.4 

45 

tit  A 

143.9 

17.7 

26 

no  d 

oc 

OO 

n  e  A 

86.4 

1 A  r 
10  .5 

4o 

t  A  A  n 

144. y 

17  .8 

27 

26.8 

U3.  J 

ol 

86.4 

t  A  C 

10. 6 

47 

t  A  A  A 

140.9 

If  Ik 

17.9 

28 

27.8 

0.} .  4 

88 

87.3 

1 A 

10.7 

1  ilC  o 

1  O  A 

18  .U 

29 

28.8 

Uj  .n 

89 

88.3 

1 A  O 

lU .  8 

A  n 

147 .  y 

1  O  O 

18.2 

30 

29.8 

03.7] 

90 

89.3 

11  A 

11 .0 

50 

148 . 9 

In  n 

18  3 

31 

30.8 

03.8 

91 

90.3 

11.1 

151 

149.9 

18.4 

32 

31.8 

03.9 

92 

91 .3 

11 .2 

1  en 

'  52 

150.9 

18.5 

33 

32.8 

04.01 

93 

92.3 

11 .3 

1  63 

151 .9 

18.6 

34 

33.7 

04. 1 

94 

93.3 

11.6 

1  54 

152.9 

18.8 

35 

34.7 

04.3 

96 

9^.2 

11.6 

'  5.) 

153.8 

18.9 

36 

35.7 

04.4 

96 

95.3 

11  ft 

11.7 

154.8 

19.0 

37 

36.7 

04.6 

97|  96  .3 

11.8 

i  5/ 

155.8 

1  rt  ■ 

19. 1 

38 

37.7 

04. 6 

981  97.3 

11.9 

{  58 

156 .8 

19.3 

39 

38.7 

04.8 

99 

98.3 

1 A  t 

iz.  1 

69 

1  r  ft  f> 

157  .8 

19.4 

40 

39.7 

(>4.9 

1  100|  99  .3 

12  .2 

1  bO 

158.8 

195 

'  41 

40.7 

05.0 

1  1011100.2 

12.3 

;  161 

1 59 . 8 

19. 6« 

^% 

41.7 

Uj.  1 

;  02 

101 .2 

1  •  A 

12.4 

1  bZ 

luU.o 

197 

43 

42.7 

Uo.z 

03 

102  2 

Iz.b 

63 

If  1  Q 

161 .8 

19. 9 

44 

43.7 

do.  4 

04 

103.2 

1  •  1 

IZ.7 

C  A 

' 

1 CA  A 

16Z.8 

A/\  £\ 

20.0 

45 

4i.7 

Alt  e. 

06 

104.2 

iz .  8 

bd 

Ib3.8 

AA  t 

20. 1 

46 

45.7 

05.6 

06 

105.2 

in 

12.9 

'  cc 
1  66 

t  H  A  n 

164.8 

Af  k  A 

20.2 

47 

46.6 

06.7 

07 

106.2 

13.0 

CI 

' 

165 . 8 

A  A  A 

20.4 

48 

47.6 

05.8 

08 

107.2 

13. z 

1  u8 

Ib6 . 7 

20.5 

49 

48.6 

06 .0 

09 

108.2 

19  « 
13.3 

69 

t  tH'J  ft 

167 .7 

AA  /* 

20.6 

60 

49.6 

06 . 1 

10 

109.2 

14  ^ 
13.4 

70 

168  .7 

ft 

?n .  7 

51 

60.6 

06.2 

111 

110.2 

13.5 

171 

169.7 

20 . 8 

52 

51.6 

06.3 

12 

111.2 

13.6 

72 

170.7 

21 .0 

63 

62.6 

06.6 

13 

112.2 

13.8 

73 

171.7 

21. 1 

64 

63.6 

06.6 

14 

113.2 

13.9 

74 

172.7 

21 .2 

55 

5i.C 

06.7 

15 

114.1 

14.0 

75 

173.7 

21.3 

56 

65.6 

06.8 

16 

115.1 

14.1 

76 

174.7 

21.4 

57 

56. G 

06.9 

17 

116.1 

14.3 

77 

175.7 

21.6 

68 

57. G 

07.1 

18 

117.1 

14.4 

78 

176.7 

21.7 

69 

58.6 

07.2 

19 

118.1 

14.5 

79 

177.7 

21.8 

60 

59.6 

07.3 

S0jll9.1 

14.6 

80 

178.7 

21.9 

DistJ 

Lat. 

Dist.  Dep. 

Lat. 

Dtp 

Lat. 

181 
82 

83181 


191 
92 
93 
94 
95 
96 
97 
98 
99 

200 


Lat. 


179.7 
180.6 
.6 
.6 
183.6 
184.6 
186.6 
186. 6 
187.6 
188. 6 


841182 

85 
86 
87 
88 
89 
90 


211 
12 


189.6 
190.6 
191.6 
192.6 
193.5 
194.5 
195.5 
196.5 
197.5 
198.5 


201 

02  200. 

03  201 .5 

04  202.6 
06  203.5 

06  204.5 

07  205 

08  206 

09  207.4 

10  208.41 


209 
210.4 


Dip. 


22.1 
22.2 
22.3 
22.4 
22.6 
22.7 
22.8 
22.9 
23.0 
£3.2 


23.3 
23.4 
23.5 
23.6 
23.8 
£3.9 
£4.0 
24.1 
24.3 
24.4 


Di-l.  Lat 


24. o 
24.6 
24.7 
24.9 
26.0 
25.1 
26.2 
25.3 
26.6 
25.6 


13211. 
14212. 
15213.4 
16214.4 
17215.4 
18216.4 

19  217.4 

20  21C.4 


26.7 
25.8 
26.0 
26.1 
26.2 
26.3 
26.4 
26.6 
26.7 
26.8 


221  219.4 

22  220  .3 

23  221 .3 
24222.3 
26  223.3 

26  £24.3 

27  ££63 
£8  £26.3 
£9  227.3 
30  228 . 3 


231  £29.3 

32  230.3 

33  231.3 

34  232.3 

35  233.2 

36  234.2 

37  235.2 

38  236.2 

39  237.2 

40  238.2 


26.9 
27.1 
27.2 
£7.3 
27.4 
27.5 
27.7 
£7.8 
£7.9 
28.0 


28.2 
28.3 
28.4 
28.5 
28.6 
28.8 
28.9 
29.0 
£9.1 
£9.2 


211 


251 


239.2 

42  240.2 

43  241.2 
44242.2 

45  243.2 

46  244.2 

47  246  2 

48  246  2 

49  247.1 
60  248.1 


249.1 
.1 
.1 

54  262.1 
65  263.1 
56  254.1 
256.1 
58  256 . 1 
69  257.1 
601258.1 


62  £60 

63  £61 


29.4 
29.5 
29  6 
29.7 
29.9 
30.0 
30.1 
30. i 
30.5 
30.5 


261  259 
6£260 

63  £61 

64  262 
66  263 

66  264 

67  266 

68  266 

69  267 


70  268.0 


271 


281 

82 
83 


291 


30.'; 
30.7 
30.8 
31.0 
31.1 
31.2 
31.3 
31.4 
31.6 
31.7 


31.8 
31.9 
Ol  32.1 
S£.2 
32.3 
32.4 
32.5 
32.7 
32.8 
32.9 


269.0 

72  270.0 

73  271.0 
74272.0 

75  273.0 

76  273.9 

77  274.9 

78  276.9 

79  276.9 

80  277.9 


278.9 
279.9 
280.9 
84)281.9 

85  £82.9 

86  £83.9 

87  284.9 

88  286.9 

89  286.8 

90  287.8 


3«.6 
31.6 
3A.7 
3£.8 
3€.0 
36.1 
36.2 
36.3 
36.4 
36  6 

LaT.  ''DMt.rDep7  Lai. 


288.8 

92  289.8 

93  290.8 

94  291.8 

95  292.8 

96  293.8 

97  294.8 

98  296.8 

99  296.8 
"97.8 


300) 


33.0 
33.1 
S3. 3 
W.4 
S3. 5 
i3.6 
U.8 
23.9 
3i.O 
3i.l 


3i. 

34, 


.2 
.4 
34.6 
3|.6 
34.7 
34.9 
3i.O 
3*.l 
35.2 
36.3 


[F'or  83  Degrees. 


TABLE  n. 

Difference  of  Latitude  aiid  Departure  for  8  Degrees. 

Dep. 


Dtst. 

LhI. 

Dei)  ' 

Dt-p. 

Disl. 

Lat. 

I 
I 

i)f)  1 1 

1  A.  1 

1  1  7  ■  0 

02.0 

00.3: 

62 

61  4 

08.6 

22 

120.8 

03.0 

00.4' 

63 

62  4 

08  8 

23 

121 .8 

4 

04  0 

00.6 

64 

63  4 

08.9 

24 

122.8 

i 

06.0 

00.7 

65 

64  4 

09.0 

123.8 

V 

05.9 

00.8 

66 

65  4 

09  2 

'  26 

124.8 

7 

06. 9 

01 .0 

67 

66  3 

09.3 

'  27 

125.3 

8 

07.9 

01 . 1 

68 

67  3 

09.6 

'  28 

126.8 

9 

OB. 9 

01 .3 

69 

63.3 

09.6 

;  29 

127.7 

lU 

01.9 

01 .4 

70 

69.3 

09.7 

30 

128.7 

■  FT 

71 

r  1 

/  \f .  0 

\'2 

11.9 

01 .7 

72 

71 .3 

10.0 

32 

130.7 

13 

12.9 

01 .8 

73 

72  3 

10.2 

33 

131 .7 

'  14 

15.9 

01 .9 

74 

73.3 

10.3 

1  34 

132.7 

(  *  iTj 

14.9 

02.1 

75 

74.3 

10.4 

1  36 

133.7 

.  16 

15.8 

02.2 

76 

75  3 

10.6 

36 

13^1.7 

16.8 

02.4 

77 

76  3 

10.7 

37 

136.7 

hi 

17.8 

02.5 

78 

77  2 

10.9 

38 

136.7 

ly 

18.8 

02.6 

79 

78  2 

11.0 

39 

137.7 

'20 

19.8 

02. 8j 

80 

79  2 

11 . 1 

40 

138.6 

ill 

20.8 

0  1 

HO 

11  3 

22 

21 .8 

03. 1! 

82 

81  2 

11 .4 

42 

140.6 

23 

22.8 

03. si 

83 

82.2 

11.6 

43 

141 .6 

24 

23.8 

03.3 

84 

83  2 

11 .7 

44 

142.6 

26 

24.8 

03.5 

86 

84  2 

11.8 

45 

143.6 

26 

25.7 

03. 6i 

86 

85  2 

12.0 

46 

144.6 

£7 

26.7 

03.8! 

87 

86.2 

12.1 

47 

145.6 

28 

27.7 

03 . 91 

88 

87  1 

1**  2 

48 

146.6 

29 

28.7 

04.0 

89 

8R  1 

12.4 

49 

147.6 

30 

29.7 

01.. 2 

90 

12.6 

50 

1 48 . 5 

31 

J 1 

I"  7 
1 .  f 

1   1  <SI 

<    1«7 1 

;  32 

31 .7 

0-1.5 

92 

91  1 

12.8 

62 

150.6 

33 

32.7 

04.6 

93 

92  I 

12.9 

53 

161 .6 

34 

33.7 

04.7 

94 

93  1 

13. f 

54 

152.5 

36 

34.7 

O-i.9 

96 

94.1 

13.2 

55 

153.5 

3<; 

35.6 

05.01 

96 

95.1 

13.4 

1  66 

164.6 

3' 

36.6 

05. 1 

97 

96.1 

13.5 

67 

165.5 

38 

37.6 

05.3 

98 

97.0 

13.6 

58 

156.5 

3? 

38.6 

05.4 

99 

98.0 

13.8 

69 

157  .5 

4* 

39. 6 

05.6 

100 

99.0 

13.9 

60 

158.4 

4? 

40  6 

Ot  7 

101 

100.0 

14.  1 

Ifil 

4£ 

41 .6 

05.8 

02 

101.0 

14.2 

G2 

160.4 

49 

42.6 

06.0 

03 

102.0 

14.3 

63 

161.4 

4| 

■  w 

43.6 

06. 1 

aiiios.o 

14.5 

64 

162.4 

46 

44.6 

06.3 

06 

104.0 

14.6 

66 

163.4 

•t) 

45.6 

06.4 

06 

105.0 

14.8 

66 

164.4 

4T 

46.5 

06.5 

07 

106.0 

14.9 

I  67 

165.4 

'  48 

47.5 

06.7 

08 

106.9 

15.0 

68 

166.4 

49 

48.5 

06.8 

09 

107.9 

15.2 

1  69 

167.4 

SD 

49.5 

07.0 


110 

108.9 

15.3 

1  70 

168.3 

07  1 

111 

109.9 

'  171 

m 

51 .5 

07.2 

12 

110.9 

15.6 

1  72 

170.3 

53 

52.5 

07.4 

13 

111.9 

15.7 

1  73 

171.3 

£4 

53.5 

07.5 

14 

112.9 

15.9 

74 

172.3 

55 

54.5 

07.7 

16 

113.9 

16.0 

76 

173.3 

f, 

55.5 

07.8 

16 

114.9 

16.1 

76 

174.3 

56.4 

07.9 

17 

115.9 

16.3 

77 

176.3 

58 

57.4 

08.1 

18 

116.9 

16.4 

78 

176.3 

59 

58.4 

08.2 

19 

117.8 

16.6 

7'J 

177.3 

1  60 

59. 4 

08.4 

20 

118.8 

,  16.7 

8(» 

178.2 

IDisT 

Dep. 

Lat. 

Dist. 

Dep. 

Lttt. 

Disl. 

l)ti|.. 

Dep. 


16.81 
17. Oi 
17. 11^ 
17.31 
17.4; 
17.5' 
17.7 

17.8; 

18.0 
18.1 


Dist.j  Lat. 

"1811179. 2 
82  180.2 
83)181.2 
84ilC2.2 


18.2 

18.4 

18.5 

18.6 

18.8 

18.91 

19.1 

19.2 

19.3 

19.6 


19.6 
19.8 
19.9 
20.0 
20.2 
20.3 
20.5 
20.6 
20.7 
20.9 


21.0 

21.2 

21 .3 

21.4 

21.6 

21 .7 

21.9 

22.01 

22.1 

22.3 


22.4 
22.5 
22 . 
22.8 
23.0 
23. 
23. 
23.4 
23.5 
23.7 


23. H 
23.9 
24.1 
24.S 

24.4' 

24.5; 
24.61 
24.8; 
24.9; 
25.1 


86 
86 


183.2 

i&;.2 


87 1 186. 2 


88 
89 
90 


186.2 
187.2 
188.2 


191*189.1 
92!l90.1 
93'I1»1 .1 
941192. 1 

95  193.1 

96  194.1 


Dep. 


26.2 
25.3 
25.5 
25.6 
25.7 
25.9 
26.0 
26.2|i 
26.3;| 
26.4 


97 
98 


195.1 
196.1 
99j  197.1 
2001198.1 


20i;i99.0 
O2I200.O 
03:201.0 
04'202.0 
O6I203.O 
061204.0 
07  205.0 
08i206.(» 
0912(77.0 
lOiOH.O 


211  {208. 9 
12J209.9 
13(210.9 
14,211.9 
161212.9 
16!213.9 
171214.9 
18215.9 
19216.9 
20217.9 


221  218.8 
22  219.8 


23 


220.8 


24  221.8 
261222.8 

26  223.8 

27  224.8 

28  225.8 

29  226.8 

30  227.8 


231 

32 

33  230 
34^1 

35 
36 
37 
38 
39 
40 


228 
229 

!? 

^232. 7 
233.7 
234.7 
235.7 
2'M:,.1 
2-31.1 


iDist. 

Lat. 

1  241 

438.7 

42 

239.6 

43 

240.6 

44 

241 .6 

46 

212.6 

26.6 
26. 7 
26.9 
27.0 
27. 
27. 
27.4 
27.6 
27.7 
27. 8i 


28.0 
20.1 
28.3 
28.4 
28.5 
28.7 
28.8 
28.9 
29.1 
29.2 


29.4 
29.5 
29. 6i 
29.8 
29.9 


30, 

30, 

30 

30 

30, 


30.8 

30.9 

31.0 

31.2; 

31. 3j 

31.5 

31 .6 

31.71 

31.9 

32.0 


Lai.   Uist.  Dep. 


32.11 

32.3 

32.4 

32.6 

32.7 

32.8 

33.0 

33.1 

33.3 

;i3.4 


46  243. 

47  244, 

48  246, 


49 

601 


251 
53  250 


248.6 
249.5 
5 

M251 


64 


246 
247 


O 
-5 

65  252.5 

66  253.5 
57  254. 5 

68  255. 5 

69  256.5 
60  257.5 


261 
62 

63  260 


258.5 
259.5 
.4 

261.4 
65262.4 

66  263.4 

67  264.4 

68  266.4 

69  266.4 
701267.4 


271 


268.4 
72|269.4 
73270.3 

74  271.3 

75  272.3 

76  273.3 
T7 274.3 

78  275.3 

79  276.3 

80  277.3 


281 


291 

9'* 
93 


33.5 
33.7 
33.8 
34.0 
34.1 
34.2 
34.4 
34.5 
34.7 
34.8 


34.9 
35.1 
35.2 
35  3 

35.5 
35.6 
35.8 
35.9 
36.0 
36.2 


36.3 
36.6 
36.6 
36.7 
36.9 
37.0 
37.2 
37.3 
37.4 
37.6 


278.3 


82  279.3 

83  280.2 

84  281.2 

85  282.2 

86  283.2 

87  284.2 

88  285.2 
89286 
90  287.2 


288 
289.2 
290.1 

94  291 

95  292  1 

96  293.1 

97  294.1 

98  295.1 

99  296.1 
300  297  I 


Lai.  Di5l.  Dep 


37.7 
37.9 
38.0 
38  1 
38. 3 
38.4 
38. G 
38.7 
38.8 
39.0 


39.1 

39.2 

39.4 

39.5 

39.7 

39.8 

39.9 

40.1 

40.2 

40.4 


40.6 
40.6 
40.8 
40.9 
41.1 
41.2 
41.3 
41 .6 
41.6 
41.8 


Lat. 


[For  82  Degree*. 


I 


iDist.jJLat. 

TfoT 


TABLE  IL  • 
Difference  of  Latitude  and  Departure  for  9  Degrees. 

"Dep 


25 
26 
27 
28 

2y 

30 


37 
38 


Di^t.i  Lat. 


121  119.5 
22  120.6 
23'l21 
24  122 


123.5 
124.41 
125 
126.4 
127.4 
128. 4 


129 
32.1 130 
33  131.. 
34jl32.4 
351 133.3 
36  134.3 


135.3 
136.3 


39|  137.3 
40:138.3 


141 

|l39.3 

42 

140.3 

.  43 

141.2 

44 

142.2 

4;) 

143.2 

46 

144.2 

47 

145.2 

48 

146.2 

49 

147.2 

50 

148. 2i 

151 

149.1 

62 

150.1 

53 

151.1 

64 

162.1 

55  153.1 

66j 

154. 1 

57 

155.1 

58| 

166.1 

69 

167.0 

Dep. 


18.9 
19.1 
19.2 
19.4 
19.6 
19.7 
19.9 
20. 0! 
20.2 
20.31 


20.5 
20.6 
20.8 
21.0 
21.1 
21.3 
21.4 
21.6 
21.7 
21 .9 


DUt 


181 

82 


83  180.7 


64, 

8.') 
86 
07 
88 
89 


178.8 
179.8 


181.7 

1H2.7 
183.7 
184 
185 


Dep. 


.7 
.7 


90  187.7 


191 

92 

95 
96 
97 
98 
99 
200 


22.1 
22.2 
22.4 
22.8 
22.7 
22.8 
23.01 
23.2 
23.3 
23. di 


!  201 


188. 6 
189.6 
190.6 
191.6 
192.6 
193.6 
194.6 
195.6 
196.5 
197.5 


60  158.0 


169 
160 
161 
162 


23.61 

23.8' 

23.9 

24.1 

24. S 

34.4 

24.6 

24.7 

24.9! 

25.0 


1J^8.5 
0I199.5 

03  200.5 
201.5 
20e.5 

06  203.5 

07  204.5 

08  205.4 
09U!06.4 
10)207.4 


04 
05 


2a.  3 
2a  6 

28.6 
28.8 
28.9 
29.1 
29.3 
29.4, 
29.6 
29.71 


Di$t.  Lat. 


29.9 

30. 0{ 

30.2 

30.3 

30.5 

30.7 

30.8 

31 .0( 

31.1 

31.3 


31.4 
31.6 
31.8 
31.9 
32. 
32. 
32. 
32. 
32. 
32. 


241238.0 
42:239.0 
43  240.0 
44241 .0 
45|242.0 
46:243  0 
471244.0 
48  244.9 
49245.9 
60  246.9 

2611247.9 
52:248.9 
&3  249.9 
541250.9 
65'251.9 
56 '252. 8 
57,253.8 
68  254.8 

59  265.8 

60  256.8 


37.7 
37.9 

38.0 
38.2 
38.3 
38.5 
:i8.6 
38.8 
39.0 
39.1, 


39.3 

39.4 

39.6 

39.7 

39.9 

40. 0< 

40.2 

40.4 

40.5 

U).7 


211 

12 


65  163.0 
164.0 
164.9 
165.9 
166.9 
70|167.9 


168.9 
169.9 
170.9 
74|171.9 
751172.8 
173.8 
174.8 
175.8 
176.8 
177.8 


26.2. 

25.3 

25.61 

25.7 

25.8 

26.0 

26.1 

26.3 

26.4 

26.6 


Diat.'  Dep. 


26.8 
26.9 
27.1 
27.2 
27.4 
27.6 
27.7 
27.8 
28.0 
28. 2 


208.4 
209.4 
13  210.4 
14211.4 
15212.4 
16213.3 

17  214.3 

18  215.3 
19216.3 
20  217.3 


Lat. 


231 


39 


33.0 

33.2 

33.3 

33.6 

33.6 

33.8 

33.9 

3^1.1 

34.3 

34.4 


261  257.8. 
62!258.8j 
63(259.8 
64260 
65!261 

66  262 

67  263 

68  264 

69  265 

70  266 


271 
72 


221  218.3 
22219.3 

23  220.3 

24  221.2! 

25  222.21 

26  223. 2i 

27  224.2' 
25.2 

29  226.2 

30  227.2 


34.6 

34.7 

34.9 

35.0 

35.2 

35.4 

35. 6i 

36.7 

35.8 

36.0 


228.2 

32  229.1 

33  230.1 

34  231.1 

35  232.1 
233.1 
234.1 


36 
37 

38  235.1 


236 . 1 


40  237.0 


Dist 


Dep. 


36.1 
36.3 
36.4 
36.6 
36.8 
36 
37 
37 
37 
37 


Lat. 


261 
268.7 

73  269.6 

74  270.6 
751271. 6 

76  272.6 

77  273.6 
78!274.6 
791276.6, 
80;276.6! 

"2811277.51 

82;278.5 
83j27y.5 
841280.5 
85*28 1.6 
861282. 5 

87  283.5| 

88  284.5 

89  285.4 
901286.4 


40.8 

41.0 

41.1 

41.3 

41.5 

41.6 

41.8 

41.9 

42.1 

42.2 


291  287.4 
921288.4 
931289. 4 
941290.4 
96  291 .4 

96  292.4 

97  293.3 

98  294.3 

99  295.3 
300  296.3 


Di5t 


Dep. 


42.4 
42.6 
42.7 
42.9 
43.0 
43.2 
43.3 
43.5 
43.6 
43.8 

"44T0" 
44.1 
44.3 
44  |l 

44.6 
44.7 
44 .« 
45.1  I 
45.2 
45.4 


45.  $ 
45.7 
45.8 
46.0 
46.1 
46.3 
46.1 

46.  G 
46.8 
46.9 


Lat.  1 


fFor  81  DeEiees. 


26 


TABLE  U. 

Difference  of  Latitude  and  Departure  for  10  Degrees. 


i 


Di«t. 


3 
4 

6 
6 
7 

8 

f) 

10 


II 
12 
13 
14 
16 
16 
17 
18 
19 
20 


22 
23 
24 
25 
26 
27 
2R 
29 
30 


31 
32 
33 
34 
36 
36 
37 
38 
39 
_40 

41 
42 

45 
46 

4"; 

f  4S 
49 

60 


51 
62 
63 
64 

56 

66 
67 
68 
69 
60 


Lat. 

"oTb 

02.0 
03.0 
03.9 
04.9 
05.9 
06. 9 
07.9 
08.9 
09.8 


Dep. 


10. a 

11  .8 
12.8 
13.8 
U.8 
15.8 
16.7 
17.7 
18 
19.7 


•20.7 
21.7 
22.7 
23.6 
24.6 
2.5.6 
26.6 
27.6 
28.6 
29.5 


00.2 
00.3 
00.5 
00.7 
00.9 
01 .0 
01.2 
01.4 
01,6 
01.7 


01.9 
02.1 
02.3 
02.4 
02.6 
02.8 
03.0 
03.1 
03.3 
03.5 


Ditt 


03. » 
03.8 
O-l.O 
01.2 
04 
04.5 
04 
04 
05.0 
05.2 


30.5 
31.5 
32 
33.5) 
34.5 
35.6 
36.4 
37.4 
38.4 
39.4 


40.4 
41.4 

42.3 
•i3.3 
44.3 
45.3 
46.3 
47.3 
48.3 
49.2 


60.2 

61.2 

62.2 

63.2 

64. S 

65.1 

56.1 

67.1 

68.1 

69.1 


05.41 
05.6 
05 
05 
06 
06 
06 
06 
06.8 
06.9 


07 
07 

07 

07.6 
07.8 
08.0 
08.2 
08.3 
08.5 
08.7 


Dist. 


Pep 


08.9 
09.0 
09.2 
09.4 
09.6 
09.7 
09.9 
10.) 

ro.2 

10.41 


61 
62 
63 
64 

65 
66 
67 
68 
69 
70 


71 
72 
73 
74 
75 
76 
77 
78 
79 
80^ 


81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


Lat. 


60.1 
61.1 
6t.O 

63.0 
64.0 
65.0 
66.0 
67.0 
68.0 
68.9 


69.9 
70.9 
71.9 
72.9 
73.9 
74.8 
75.8 
76.8 
77.8 
78.8 


91 
92 
93 
94 
95 
96 
97 
98 
99 
100 


101 
02 


04 
05 
06 
07 
OS 
09 
10 


79.8 
80.8 
81  .7 
82.7 
83.7 
84.7 
85.7 
86.7 
87.6 
8J{.6 


89.6 
90.6 
91.6 
92.6 
93.6 
94.5 
95.5 
96.6 
97.6 
98.5 


99.5 
100.6 


03101.4 


111 

12 
13 
14 
15 
16 
17 
18 
19 
20 


102. 
103. 
iai.4 
105.4 
106.4 
107.3 
108.3 


109  3 
110.3 
111.3 
112.3 
113.3 
114.2 
115.2 
116.2 
117.2 
118.2 


0.6 
0.8 

0.  9 

1. n 

1.3 
1.5 
1.6 
1.8 

i.O 

2.2 


2.3 
2.6 
2.7 
2.1fe 
3.0 
3.2 
3.4 
3.5 
3.7 
3.91 


i.l 
#2 

4.4 
4.6 
4.8 
4.9 


5.8 
6.0 
6.1 
6.3 
6.6 
6.7 
6.8 
7,0 
7.2 
7.4 


7.6 
7.7 
7.9 
8.1 
8.2 
8.4 
8.6 
8.8 
8.9 
9.1 


9.3 
9.4 


20 

20, 
20. 
fO.6 
20.7 
20.8 


Ut.   Diat.  Dep.  iLat 


pist.i  Lat.  Dep. 


121 


22 
23 


119.2 


120.1 
121.1 
24122.1 

25  123.1 

26  124.1 

27  125.1 

28  126.1 
29;I27.0 
30ll28.0 


131 

32 
33 
34 
35 
36 


38 
39 


141 
42 
43 


129. 0 
130.0 
131.0 
132.0 
132 
133 


37  134. 


135 
136 


40137.9 


138 
139 
140.8 


4^^1141. 

45  142. 

46  I4,J. 


47 
48 
49 


50147.7 


151 


148.7 
62  149.7 
1.00 
151 
5 

163 
154.6. 


63 
64 


65152.6 


66 
67 


161 

62 


65 
66 
67 
68 


171 


145 
146 


68165.6 
69  166 
60157. 


168.6 
159.6 
63160.5 
64161.6 
162.5 
163.5 
16-^.5 
165.4 
69166.4 
70  167.4 


168 
69 

70.4 
74171.4 
172.3 
173.3 
174.3 
176.3 
176.3 
177.3 


75 
76 
77 
78 
79 
80 


Dist. 


Df 


•p 


21.0 
21 .2 
21.4 
21.6 

21 .7i 

21.9] 

22.1 

22.2 

22.4 

22.6 


22.7 
22.9 
23.1 
23.3 
23.4 
23.6 
23.8 
24.0 
24.1 
24.3 


24, 

24 

21 


25.0 

26.2; 

25.4 

25.5, 
26.7 
25.9 
26.0 


Disl. 


181 
82 
83 


26.2 
26.4 
26.6! 
26.7 
26.9 

27.  i; 

27.3 
27.4 
27.6 
27.8 


28.0 
28.1 

28.3 
28.61 
28.71 
23.8 
29.0 
29 
29 
29 


29.7 
29.9 
30.0 
30.2 
30.4 
30.6 
30.7 
30.9 
31.1 
31 .3 


Lh(. 


178.3 
179.2 
180.2 
841181.2 
182.2 
183.2 
184.2 
135.1 
186.1 
187.1 


85 
86 
87 
88 
89 
90 


191 

92 
93 


9b 
96 
97 
98 
99 
200 


201 

02 
,  03 


211 
12 
13 


lo 
16 
17 
18 
19 
20 


Ut. 


188.1 
189.1 
190.1 
94191.1 
192.0 
193.0 
194.0 
195.0 
196.0 
197.0 


197.9 
198.9 
199.9 

04  200.9 

05  201.9 

06  202.9 

07  203.9 

08  204.8 

09  205.8 

10  206.8 


207.8 
208.8 

209.8 


14210 


221 
22 

23 


211 
212 
213 
214 
215 
216 


2J7.6 


218.6' 
219.6 
24|220.6 

25  221.6 

26  222.6 

27  223.6 
281224.6 

225.5 
226.5 


29 

30 


231  227.6 

32  228.6 

33  229.5 

34  230.4 

35  231 .4 

36  232.4 

37  233. 4 

38  234.4 

39  235  . 4 

40  236.4 


Dep. 


31.4 
31.6 
31.8 
32.0 
32.1 
32.3 
32.5 
32.6 
32.8 
33.0 


33. 
33. 
33.5 
33.7 
33.9 
34.0 
:V4.2 
34  41 
34.6 
34.7 


34.9 

35.1 

35.3 

35.4 

36.6 

36.8 

35.9 

36.1 

36.3 

36.51 


36.6 
36.8 
37.0 
37.2 
37.3 
37.5 
37.7 
37.9 
38.0 
38.2 


38.4 
38.5 
38.7 
38.9 
39 


39. 

39. 
39. 
39. 
39 


40.1 
40.3 
40.5 
40.fi 
40.8 
41.0 
41.2 
41.3 
41.6 
41.7 


D> 


Dint 


241  237 

42  238 

43  239 
44 
45 


>^240 
241 
46  242 


47  243.2 

48  244.2 

49  245.2 
60  246.2 


261 


247.2 
52)248.2 
63  249.2 

54  250.1 

55  251 . 1 

56  252.1 

67  263.1 

68  264.1 

69  265.1 
60  266 . 1 


261 


271 


Lat. 


3 

3 
.3 
3 
.3 

.3 


257.0 


62  268.0 

63  259.0 

64  260.0 

65  261.0 

66  262.0 

67  262 

68  263 

69  264.9 

70  263.9 


266.9 
721267.9 

73  268.9 

74  269.8 

75  270.8 

76  271 .8 

77  272.8 

78  273.8 

79  274.81 

80  275 


Dep. 


41.8 

42.0 

42.2 

42.4 

42.6 

42.7 

42.9 

43.1 

43.2- 

43.4 


43.6 
43.8 
43.9 
44  1 
44.3 
44.6 
44.6 
44. 8 
46.0 
45.1 


45.3 
45.5 
46.7 
46.8 
46.0 
46.2 
46.4 
46.6 
46.7 
46.9 


47.1 
47.2 
47.4 
47.6 
47.8 
47.9 
48.1 
48.3 
48.4 
48.6 


281  276.7 

82  277.7 

83  278.7 
279.7 

85  280.7 

86  281 .7 

87  282.6 

88  283. G 

89  284.6 

90  285.6 


£91 


286.6 
€ 
6 

94  289.5 

95  290.6 
291.5 
292.5 

98.293.5 
99  294.6 
300  295.4 


92  287. 

93  288. 


96 
97 


»'p.   lAit.  UDist.  Dep.  Lat 


48.8 
49.0 
49.1 
49.3 
49.6 
49.7 
49.8 
60.0 
60.2 
60.4 


60.6 
60.7 
60.9 
61.1 


61 
61 

61 
61 
61 


62.1 


[For  80  Degnm. 


'  Digitized  by  Google 


TABLE  II. 

DifTercQce  of  Latitude  aiid  Departure  (pr  11  Degrees. 


'241  236  (, 
4i  237.6 
43  238.5 
44239.6 
4d  210.6 
46*241.6 
47  2^2 
48S43.4 
49{244.4 
60l$45.4 

16. 4 

62  247.4 

63  248.4 

64  249.3 
66  260.3 

66  251 

67  262  3 

68  253.3 

69  264.2 
60  266.2 


46.0 
46.2 
46.4 

46. G 
46.7 
46.9 
47.1 
47.3 
47.5 
47.7 


47.9 
48.1 
48.3 
48.5 
48,7 
48.8 
49.0 
49.2 
49.4 
49.6 


256.2 
62|267.2 

63  258.1? 

64  269. 
651260.1 

261  I 
2»i2 . 1 
263.1 
264.1 
265.0 


266.0 
267 
73,468.0 
74  269.0 
76  269 

76  270 

77  271.9 
781272, 
791273.  y 
80  274. 


281  276.  H 

82  276 

83  277 

84  278 
86  279.8 

86  280.7 

87  281 

88  282 

89  283.7 

90  284.7 


49.8 

60.0 

50.2 

60.4 

60.6 

60.8 

60.9 

51.1 

51.3 

61 .6 


61.7 
61.9 
62. 1 
62.3 
62.6 
62.7 
62.9 
53.0 
63. t 
63.4 


291to.7 

286 
9«  287.„ 
94288.6 

95  289 

96  290 

97  291 

98  292 

99  293 
.'L>4 

liiit.  Dep. 


.6 
.6 
.5 
.6 
.6 
.5 


63.6 
08.8 
64.0 

54.2 
54  i 
54  6 

54. U 
65 
56 

553 


I 


66.5 

65.7 

56. 9 

66.1 

56.3 

66.5 

56.7 

56  9 

57.1 

57.2 


Lat. 


[For  79  Degrees.  * 


28 


Diiit. 


TABLE  IL 
DifTerence  of  Latitude  and  Departure  for  12 


1 

2 

3 
4 
5 
6 
7 
8 


04.9 

03.9 
06.8 
07.8 
91  08.8 


10 


11 
It 
IS 
14 

15 
16 
17 
18 
29 
20 


21 
22 

23 
24 
25 
26 
27 
28 
29 
_30 

"31 
32 

33 
34 
35 
36 
37 
38 
39 
40 


01  Oj  00 

02. (y  00. 

02.9^  00.6 
03.9;  00.8 


09.8 


01  .o: 

01.2 
01.5 
01.7 
01.9 
02.1 


10.8  02.3; 
11.7  02.^ 
12.7  02.7 
13.7  02.9! 
14.7  03  II 
15.7  03.3, 
16.6  03.5 
17.6^  03.7 
18.61  04.0? 
19.6!  04. 2H 


20.5  04. 4j 

21.5  04  .  G 

22  .5  04  .8 

23.5  05.0 


24.5 
25.4 
26.4 
27.4 
28.4 
29.3 


30.3 

31.3 

32.3 

33.3 

34.2 

36.2 

36.2 

37. 'J 

38.1 

39.1 


05.2 
05.4 
05.6 
05.8 
06.0 
06.2 


41 

42 
43 
44 
45 
46 
47 
48 
49 
50 

"51 
52 
53 
64 
56 
56 
67 
68 
59 
60 


40.1 
41.1 
42.1 
43.0 
44.0 
45.0 
46.0 
47.0 
47.9 
48. 9 


06.4! 

06.7 

06.9 

07.1 

07.3 

07.5 

07.7 

07.9 

08.1 

08.3 


08.5 
08.7 
08. 9 
09.1 
09.4 
09.6 
09.8 
10.0 
10.2 
10.4 


49.9 
50.9 
61.8 
52.8 
63.8 
54.8 
55.8 


10.6 
10.8 
11.0 
11.2 
11.4 
11.6 
11.9 


56. 7j  12.1 
57. 7i  12.3 
58.71  12.6 


Dist. 


Dep.  Lut. 


62 
63 
61 

65 
66 

67 
68 
69 

70 


71 
72 
73 
74 
75 
76 
77 
78 
79 
80 


81 
82 

83 
84 
85 
86 
87 
88 
89 
90 


.^9.7 
iK).6 
61.6 
62.6 
63.6 
61.6 
65.5 
66.5 
67.5 
68.5 


69.4 
70.4 
71. 4 
72.4 
73.4 
74.3 
75.3 
76.3 
77.3 
73.3 


L*rp.  Dim.  Lat.  Dep  fiDirt 


12.; 
12.9 
IJ  1 

I  o  •  o 

13.6 
13.7 
13. 9 
14. 1 
14.311 
14.6 


14.8 
15.0 
15.2 
15.4 
16. 6 
15.8 
16.0 
16.2 
16.41 
16.6 


91 
92 
93 
94 
95 
96 
97] 
98 
99 
100 


79.21 

80.2 

81.2 

82  2 

83.1 

84  1 

85.1 

86.1 

87.1 

88.01 


89.0 
90.0 
91.0 
91.9 
92.9 
93.9 
94.9 
95.9 
96.8 
97.8 


101 

02 


98.8 
99.8 
03;i00.7 

04  101.7 

05  102 

06  103 
104.7 
105.7 


16.8 

17.0 

17.3 

17.6 

17.7 

17.9 

18.1 

18.S| 

18.6 

18.7 


18.9 
19.1 
19.3 

19.6 
19.8 
20.0 
20.2 
20.4 
20.6 
20.8 


U\  116.4'  25. 
22119.3  25. 
23  120.31  25.( 
^4  121.3  26 
26;122.S|  26 
2^'l23.2 
27  124.2 
28 i2o  2 
29jl26.2 
50127.2 


1311128  1 
3«129.1 
33^190.1 
34^131.1 

35'132  0 
36  133.0 
371134. 0 

38'l35.0 

39  136. 0 

40  136. 9 


141  137.9 
42138.9 
43139.9 
441140.9 
46141.8 
46142.8 
47 
48  144.8 
49145.7 
60146.7 


143.i^30.6 


07 
08 


09  406.6 

107.6 


10 


111 

12 
13 


13 
16 
17 


19 

20 


Dist 


.7 

.7 


108.6 
109.6 
110.5 


14  111.6 


112.5 
#13.5 
114.4 


is  115.4 
116.4 
117.4 


21.0 

21.21 

21.4 

21.6 

21.8 

22.0 

22.2 

22.5 

«.7 

22.9 


23.1 

23.3 

23.6 

23.7 

23.9 

24.1 

24.3 

24.61 

24.7 

24.9 


161  147.7 
62148.7 
63149.7 
64160.6 

66  151.6 
66152.6 

67  153.6 

68  154.5 
155.5 
166.5 


69 

60 


161 


157.5 


62  158.5 

63  169.4 

64  160.4 

65  161.4 

66  162.4 
163.4 
164.3 
165.3 
166.3 


67 
68 
69 
70 


171 

72 


167.3 
168.2 
73  169.2 
74170.2 
75  171.2 
761172.2 


77 
78 


80 


Dep.  I  Lat.  I  Dist. 


173.1 
174.1 


79  176.1 


176.1 


Dep. 


Lat. 


211 


77  . Oi  37  .6  Ul  2*6.7 
178.01  37.8;  42136.*^ 


180.01  38.5 
181. 0  38.6 
181.9^  38.7 
I82.9|  38.9 
183.9  39.1 
184.9  99.5 
186  . 8!  39  . 6^ 
7 


186.8  39-7 
187.81  39.91 
188.8  40.1 


.5j  52.2 

.5  62.4 

17.6  62.6 

64^48.4  52.8 

KU9.i  63.0 

250.4  55.2 

^261.4  63.4 

fit62.4  53.6 

f^l65.3  53.8 

C0S64-3  54.1 


196.61  41.8 
197.6'  42. 
198.6|  4t. 
99.51  42 


206.4 
12  207.4 
13208.3 
14209.3 
15210.3 
16211.3 
17212.3 
18213.2 
19214.:: 
20216.2 


221216.2 
22217.1 
23218.1 
24219. 1 
26220.1 

26  221.1 

27  222.01 
28223.0 
292S4.0 
30  226.0 


231  226.0 
32226.9 

33I227.9 
34)228.9 
56  229.9 
36250.8 

37  231.8 

38  232.8 
39233.8 
40(234.8 

Dwl."  DejK 


261  255  3|  54  .3 
eZlnS.ji  54.5 
63197. a  64.7 

64S6e.«  54.9 

65t69-2i  65.1 
66260.2|  65.3 

67  261.2 

68  262.1 

69  263.1 

70  264.1 


271  265. i 

72  266.1 

73  267. 0 

74  268.0 
76269.0 

76  270.0 

77  270  .9 

78  271.9 
79272.9 
80  273.9 


281  274.9'  58.4 

82  275.8  68.6 

83  276.8  68.8 

84  277.8  -M.O 
86278.8  6$  3 
86S79.8  59.6 
87!l80.7l  69.7 

59.9 
60.1 
60.3 


88  281. 7 

89  282. 7 
90283 


291284 

92  286.61 

93  286 

94  287 

95  288 

96  289.5 

97  290.5 
98291  5 
99292.6 

:v»0f293.4 


Lh>i  '  Dep. 


Lat. 


i 


4^Fur  78  Degrees. 


r 


TABLE  II. 

Difference  of  Latitude  and  Departure  for  13  Degrees. 

"Dej 


I 


Dist 


24  234.8 
42  ^35. 8 
4a!23(».8 
44  237.7 
4.^238.7 

46  239.7 

47  240.7 

48  241.6 

49  342.6 
501243.6 


Lat.  Drp. 


251  244.6 
52  246.6 

63  246.6 

64  247.6 

66il8.5 
56  249.4 

67  260.4 

68  261 .4 
1>  262.4' 

60  263.3 

%l  264.3  ^77 


54.; 
64.4 
64. T 
64. S 
66.1 
66.3 
66.6 
66.8 
66.0 
_66.2 

6676 
56.7 
66.9 
57.1 
67.4 
67.6 
67.8 
68.0 
68.3 
68.6 


266.3' 

63  266.3' 

64  267.2 
66  268.2 

66  269.2 

67  260.2 

68  261.1 

69  262.1 

70  63.1 


68.9 
69.2 
69.4 
69.6 

69.8 
60.1 
60. 3 
60. 6 
60.7 

1|  61.0 
•v.O  61.2 
731266.0  61.4 
74  267.0  61.6 
76  268.0  61.9 

76  i:68.9,  62.1 

77  269.9  62  3 

78  270.9  62.6 
7y27l.8  62.8 

272.8.  63.0 


281  273.81  63.2 

82  274.81  63.4 

83  275.7|  63.7 

84  276.71  63. 9 
86  277.7  64. 1 
86  278.7]  64. 3 


871279. 6 

88  280.6 

89  281.6 

90  282.6 


64.6 
64.8 
66.0 
65.2 


291  283.6 

92  284. 6 

93  286.6 

94  286.6 
96  287. 

96  288. 

97  289 . 

98  290.41  67.0 

99  291.3  67.3 
300(292. 3|  67.6 

Piat.  Dep.  I  Lat 


66.6 
66.7 
66.9 
66.1 
66.4 
66. C 
66.8 


[For  77  Degrees. 
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gle 
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TABLE  II. 

Difl'erence  of  Latitude  and  Departure  for  1*  Degrees. 

"Dwt.'  Lat.  I  Dep. 
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13 
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1  54 
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14 
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15 

111.6,  27.8 

56 
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16 
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57 
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17 
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28.3 
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IR 

114.5 

28.5 
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1  60 

58.2 

14.5 

20 

116.4 

29.0 

1  Dep. 

Lat. 

Dist 

Dei) 

Lnt. 

Dist 


121 

22 

23  119 

24  120 
23  121 
26122 
27 
28 
li 
301 


29  1 


127.1 
128.1 
129.0 
0 
.0 

13i.0 
132.9 
.9 

134.9 
401135. 8 


131 

32 
33 

34  130 

35  131 
36 
37 

38  133 
•39 


161 

62 
63 


65 
66 
67 
68 
69 
70 


Lat.  I  Dep. 


117.4 
118.4 
.3 
.3 
.3 
.3 
123.2 
124.2 
25.2 
I2(M 


141 
42 
43 

44  139 
45 
46 
47 
48 
49 
60 


136.8 
137.8 
138.8 
.7 
140.7 
141.7 
142.6 
143.6 
14-^.6 
145.3 


146.5 
147.5 
148.3 
4 

150.4 
151.4 
152.3 
153.3 
154.3 
60)155.2 


151 
52 
53 

941149 
65 
56 
57 
68 
69 


1.%.2 
157.2 
158.2 


64  159. 


160.1 
161.1 
162.0 
163.0 
164.0 
16.).0 


171  163.9 

72  I6G.9 

73  167.9 

74  168.8 
169.8 
170.8 
171 .7 
172.7 
173.7 
174.7 


75 
76 
77 
78 
79 
80 


Dist 


Dep. 


29.3 
29. 5 
29.8 
30.0 
30. 
30. 
30.7 
31.0 
31/» 
31 . 


31. 
31. 
32.2 
32.4 
32.7 
32.9 
33.1 
33.4 
33*6 
33.9 


34.1 

34.41 

34.6 

34.8 

36.1 

35.3 

35.6 

35.8 

36.0 

36.3 


36.5 
36.8 
37.0 
37. 
37. 
37. 
38.0 
38. 
38. 
38. 


38.9 
39.2 
.39.4 
39.7 
39.9 
40.3 
40.4 
40.6 
40.9 
41 .1 


41 .4 
41.6 
41.9 
42.1 
42.3 
42.6 
42.8 
43 
43.3 

4;J.5 


Lat 


Dist  J  Lat.  I  Dep.  \ 


181 
82 


83  177 

84  178 


85 
86 
87 
88 
89 
90 


191 


92186 

93  187 

94  188 

95  189 

96  190 

97  191 

98  192 

99  193 
200  194 


201 
02 
03 


211 


221 


24 

2,'j 


175 
176 


179 
180 
181 
183 
183 
184 


185 


195 
196 
197 


04|I97 
05 
06 


198 
199 

07  200 

08  201 

09  202 

10  203 


204 


12  205 

13  906 

14  207 

15  208 

16  209 

17  210 

18  211 
19212 
20213 


214 


22  215 

23  216 


217 

218 


26  219 

27  220 

28  121 

29  222 

30  223 


231  224 

32  225 

33  226 
W227 
35^228 

36  229 

37  230 

38  230 

39  231 

40  232 


43.8 
44.0 
44.3 
44.5 
44.8 
45.0 
46.2 
46.6 
46.7 
46.0 


46.2 
46.4 
46.7 
46.9 
47.2 
47.4 
47.7 
47.9 
48.1 
48.4] 


48.6 
48.9 
49.1 
49.4 
49.6 
49. 8 
50.1 
50.3 
60.6 
50.8 


241 


233.8 

42  234.8 

43  235.8 
44236.8 

45  237.7 

46  238.7 

47  239.7 

48  240.6 

49  241.6 

50  242.6 


251  243 

52  244 

53  245 
64  246 
56  247 

66  248 

67  249 

68  250 


51.0, 
61.3 
51.5 
51.8 
52.0 
52.3 
62.6 
62.7 
63. Q 
63.2 


33 
63 
63.9 
64.2 
64.4 
64.7 
61.9 
.^5.2 
55.4 
56.6 


Dist.  Dep.!  Lat. 


56.9 

56.1 

56.4] 

66.6 

66.9 

67.1 

57.3 

57.6 

67.8 

58.1 


5 
5 
.5 
.5 
.4 
.4 
.4 
.3 
.3 


69  251 
60262.3 


261  253  9 

62  254 

63  255 


58.3 
58.6 
68.8 
59.0 
59.3 
59. 6 
59.8 
60.0 
60.2 
60.5 


60.7 
61.0 
61.2 
61.4 
61.7 
61.9 
62.2 
62.4 
62.7 
62.9 


64  256. 
66  267. 

66  258. 

67  259. 

68  260 

69  261 


21 
1 
1 
1 

.0 
.0 


70  262.0 


271  263 
72  263 
73264 
74  265 
76  266. 

76  267. 

77  268. 

78  269, 
791270 
801271 


281 


272.7 


82  273. 

83  274. 
S4  276. 

85  276. 

86  277. 

87  278. 

88  279 

89  280 

90  281 


.4 
.4 


291  282 
92283 
93284. 

94  286. 

95  286 

96  287 

97  288 

98  289. 

99  290. 
300  291. 


.4 
.3 


.2 
.2 
.1 
1 
1 


Dist  Pt-p 


63.1 
63.4 
63.6 
63 
64 
64 
64 
64.8 
66.1 
66.3 


65.6 
66.8 
66.0 
66.3 
66.5 
66.8 
67.0 
67.3 
67.5 
67.7 


68.0 
68.2 
68.6 
68.7 
68.9 
69.2 
69.4 
69.1 
69.9 
70.2 


70.4 

70.6 

70  9 

71.1 

71.4 

71.6 

71.9 

72.1 

72.1 

72.6 


Lat. 


[For  76  Degrees. 


Digitized  by  GooqIc 


TABLE  n. 

Difference  of  Latitude  and  Departure  for  15  Degrees. 


r)f(»  ijDist 


Lat. ,  Dep.  ,I>i9t 


121  116. 9|  31. 3| 
22(117.81  31.6 
23j  118.8  31. 8| 
241119.8  32.11 

25  120.7  32.41 

26  121.7^  Jt.el 

27  12J.7  32.9 

28  123.6  33.1 
29124.6  33.4 
30  125.6  33.6 


IBI 
82 


131  l:i6.5  33.9 
3«m.6  34.2 
S3  128.6  34.4 

34  129.4  34.7 

35  130. 4j  34.9 

36  131.4^  35.2 
37|132.3  35.5! 

38  133.3  35.7 

39  134.3  36.0 
401135  . 2|  36  .2 


Lat. 


174.8 
175.8 
83|176.8 
84177.7 

85  178.7 

86  179.7 


87 
88 


180.6 
181.6 
89182.6 
90183.5 


141  136.21  36.5 

42  137.2  36.8 

43  138.1  37.0 

44  139.1  37.3 
451140.1  37.5 
46|l41.0  37.8 

'42.0  38. Oi 
'43.0  38.3 


49143 

l44.9i 

145.9 
62  146.8 
53|I47.8 
64  148.8 
55^149 
56  150.7 
151 
152.6 
59J53.6 
60  164.5 


38.6 
38.8 


161  155 

62  156.5 

63  157.4 

64  158.4 

65  169. 

66  160.3 

67  161.3 

68  162.3 
69163.2 
70164.2 


171  165. 2i 

72  166.1 

73  167.1 

74  168.1 

75  169.0 

76  170.0 

77  171 

78  171 

79  172.9 
173  9 


39.1 
39.3 
39.6: 
39.9' 
40.1 
40.4: 
40.6; 
40.9 
41.2; 
41.4 


l>ep. 

46.8 
47.1 
47.4 
47.6 
47.9 
48.1 
48.4 
48.7 
48.9 
49.2 


iDist. 


191  184.5  46.4 
92  185.5  49.7 
93186.4  60.0 
94187.4  50.2 

95  188.4  50.5 

96  189.3;  50.7 
97190.3  51.0 
98  191.3  51.2 
99192.21  61.6 

200  193  . 2i  51.8 


Lai 


241  232.8 
42  233.8 
43}2M.7 
44236.7 

45  236.7 

46  237. 6 

47  238. 6 

48  239.5 

49  240  5 
60  241. 5 


201  194.2 
02195.1 
0."{  I%.1 
04  197.0 
06  198.0 

06  199.0 

07  199.9 

08  200.9 

09  201.9 
10S02.8 


52.0 

52.3 

52.5 

52.8 

53.11 

53.3 

53. 6 

53.8 

5i.l 

54.4 


Dep. 


62.4 
62.6 
62.9 
63.2 
63.4 
63.7 
63.9 
64.2 
64.4 
64.7 


41.7 
41.9 
42.2 
42.4 
42.7 
43.0 
43.2 
43.5 
43.7 
44.0 


211|203.8  54.6 
12j204.8  54.9 
131205. 7  65.1 
]4j206.7  55.4 
1«207.7  55.6 
16008. 6  55.9 
17'209.6  56.2 
18210. 6  56.4 
191211. 5  56.7 
20  212.5^6^ 

221  213. 5  "5772 
22214.41  57.5 
23216.4  57.7 
24216.4  68.0 
25217.3  58.2 
26  218.3  58.6 
27219.3.  68.8 
28  220.81  69.0 
29221.2  59.3 


251  242.41  65.0 
52  243.41  65.2 
53 244. «  65.5 
54  24.')  'V  ^-.  .7 
66(244'  .0 
5C247.3"  66.3 
57248. tj  66.5 
68  249  21  66.8 
59  250.2  67.0 
60^51.1.  67.3 

261  252.1  67.6 

62  253.lj  67.8 

63  254.01  68.1 
641255. 0|  68.3 

65  256.0j  68.6 

66  856.9  68.8 


67  257.9 

68  258.9 
69|259.8 
70(260.8 

271,260 

72  262.7 

73  263.7 
74j264.7 
751265. 6 
761266.6 

77  267.6 

78  268.5 

79  269.5 
801270.5 


281 


271  4 


30'222.2 


2311223.1 
32j224.I 
33  225.1 
^226.0 

35  227.0 

36  228.0 

37  228.9 

38  229 . 9 

39  230.9 

40  231.8 


58.5 


DUt 


Dpp. 


59. 8 

60.0 

60.3 

60.6 

60.8 

61.1 

61 .3 

61.6 

61.9 

62.1 


82  272 

83  273.4 
84,274.3 
85j275.3 
86:276.3 

87  277.2 

88  278.2 

89  279.2 

90  880.1 


69.1 

69.4 

69.6 

69. 9 

70.1 

70.4 

70.7 

70.9 

71. S 

71.4 

71.7 

78.0 

72.8 

72.5 


72.7 

73.0 

73.2 

73.5 

73.8 

74.0 

74. 3 

74.5 

74.8 

75.1 


291  281.1 
92  282.1 
931283.0 
94{284.0 
96  284. 9 

96  285. 9 

97  286.9 

98  287.8 

99  288.8 


300  289.81  77.6 


75.. 3 

75 . 6 

75 . 8 

76.1 

76.4 

76.6 

76.9 

77.1 

77.4 


Lat.  liPitt.nD^'  Lat. 


[For  75  Degrees. 


32 


TABLE  U. 

piffercnce  of  Latitude  and  Departure  for  1 6  Degrees. 


Diitt. 

Lat. 

Dep. 

Dist.;  Lat. 

De|». 

Dl!>t. 

fl  A 

Lat. . 

L  Dep.  i 

1 

01 .0 

00.3 

61 

58.6 

16.8 

121 

116.3 

33.4- 

z 

01 .9 

00.6 

62 

59.6 

1  *4  fl 

17. 1 

22 

117.3 

33.6 

3 

OS. 9 

00.8 

63 

60.6 

17.4 

23 

4  fl  A  A 

118.2 

A  o  n 

33.9 

4 

03.8 

01 . 1 

64 

61.5 

17.6 

A  « 

21 

fl  f  A  f\ 

1 19.2 

«fl  fl  Q 

34.2 

'  5 

04.8 

01 .4 

65 

62.5 

fl  *v  n 

17.9 

2o 

1  C*)tf1  A 

1  *0 . 2 

34.61 

6 

06.8 

01 .7 

66 

63.4 

fl  A  CI 

18.2 

A/* 

26 

fl  A  fl  « 

121 . 1 

34.7 

7 

06.7 

A  fl  A 

01 .9 

67 

64.4 

fl  n  c 

18.5 

27 

fl  J>A  ■ 

122. 1 

0  E.  /kl 

35.01 

8 

07.7 

AA  ft) 

02.2 

68 

63.4 

fl  A  ^ 

18.7 

28 

123 .0 

36.3 

08 .7 

AA  r 

02. o 

69 

66.3 

fl  n  n 

19-0 

A  n 

29 

124.0 

3o.6 

10 

09.6 

AO  O 

02 .8 

•Ml 

0  / .  o 

fl  n  *> 

19.3 

30 

125.0 

3o.8 

11 

10.6 

03.01 

71 

68.2 

19.6 

131 

123.9 

36. 1 

1  a 

Iz 

11  e. 
11.5 

09.3 

72 

69.2 

fl  f  1  11 

19.8 

32 

•  Af  ri 

126.9 

4f  A 

36 .4 

IJ 

03. b 

73 

70.2 

(YA  t 

iO.  1 

33 

fl  o 

127 .8 

36.7 

13.5 

AO  Ik 

03.9 

74 

71.1 

20.4 

A  fl 

34 

1  .^1  A  A 

128.8 

3t).9 

1 J 

14.4 

04. 1 

75 

72.1 

20.7 

A  0 

35 

fl  l1#1      ■  1 

129.8 

37.2 

•  ir 
JO 

1  r,.  A 

0-1.4 

76 

73.1 

AA  n 

20.9 

A 

36 

fl  OA  ^ 

130.7 

31 .5 

17 

16.3 

04.7 

77 

74.0 

a  fl  Lft 

21 .2 

37 

fl  o  fl  ^ 

131 .7 

37.8 

18 

17.3 

Ac  t\ 

05.0 

78 

76.0 

21 .6 

38 

fl  •lA 

132.7 

An  A 

38.0 

19 

18.  J 

0<J.« 

79 

76.9 

A 1  n 

39 

fl  •YO  f 

133.6 

^n  0 

38.3 

zO 

In  A 

19.2 

05.5 

Dn 
oU 

70.il 

z2. 1 

A  n 

40 

134.6 

38.6 

21 

20.2 

05.8 

81 

77.9 

22.3 

141 

133.3 

38.9 

zz 

zl .  1 

A/?  fl 

06. 1 

82 

78.8 

22.6 

42 

136 .5 

on  fl 

39. 1 

z3 

zs.  1 

A/*  4 

06.3 

83 

79.8 

lID     fl  I 
mmm  .  ^ 

43 

137.0 

39. 4i 

S4 

23. 1 

AiT 

06 .6 

84 

80.7 

23.2 

44 

138  .4 

39.7 

24.0 

A^     f  k 

06 .9 

86 

81.7 

AO  A 

23.4 

45 

139.4 

A  A  #\ 

40.0 

26 

25.0 

07.2 

86 

82.7 

23.7 

46 

140.3 

40.2] 

27 

26.0 

A^  4 

07 .4 

87 

83.6 

24.0 

47 

141.3 

1  40.3 

28 

26.9 

A^  ^ 

07 .7 

88 

84.6 

24.3 

48 

142.3 

40.8 

29 

27 .9 

An  A 

08.0 

89 

85.6 

24.5 

49 

143.2 

41 . 1 

30 

28.8 

08.3 

OA 

90 

86 .5 

24.8 

50 

14^.2 

41 .3 

3? 

29.8 

08.6 

91 

87.5 

25.1 

151 

[146.2 

41.6 

3i 

30.8 

08.8 

92 

88.4 

25.4 

52 

146.1 

.a  fl  A 

41 .9 

33 

31 .7 

09. 1 

93 

89.4 

25.6 

63 

147.1 

42.2 

'34 

32.7 

An  A 

09.4 

94 

90.4 

23.9 

64!148.0 

aq  » 

42.4 

35 

33.6 

An  r 

09. u| 

95 

91.3 

26.2 

66 

149.0 

A  ^  ^ 

42.  / 

•  36 

34.6 

96 

92.3 

26 .3 

66 

I.tO.O 

to  n 

43.0 

37 

35.6 

1 A  t< 

97 

93.2 

26.7 

67 

130.9 

JO     A  ■ 

43.3 

38 

30.5 

lU .  O 

98 

94.2 

27 .0 

68 

131.9 

43.6 

Of  1 

J9 

37  .3 

1  n  T 
lU.  1 

99 

96.2 

27.3 

69 

152.8 

^0  n 

43.8 

3d  .  O 

11  A 

1 1  .U 

100 

96.1 

27.6 

i 

60 

133.8 

A  A       ■  ' 

44. 1| 

41 

3'J .  4 

11.3 

101 

97.1 

27.8' 

161 

134.8 

44.4; 

42 

40.4 

11.6 

02 

98.0 

28.1 

62 

133.7 

4t.7; 

43 

41 .3 

11  n 

11.9 

03 

99.0 

28 . 4! 

63 

136.7 

44.9 

44 

42.3 

fl  1 

04 

100.0 

28. 7i 

64 

137.6 

45.2' 

43 

^  A  A 

43.3 

fl  O  A 

lz.4 

06' 100. 9 

28. 9i 

65 

168.6 

46.5 

4() 

44.2 

06il01.9 

29. 2I 

66 

159.6 

45.8; 

47 

43.2 

14  A 

13.0 

071102.9 

29.5 

67 

160.6 

46. 0| 

48 

46 . 1 

13  .z 

08  103.8 

29.8 

68 

161.6 

46. 3| 

49 

47 . 1 

1  'I  c 

13. 3{ 

09|l04.8 

30.0 

69 

162.6 

46. 6i 

50 

.4  U  1 

48 .  1 

11  o 

10:i03.7 

30.3 

70 

163.4 

46.9) 

51 

49.0 

14. 1 

111|106.7 

30.6 

171 

164.4 

47.1 

1  J.  ^ 

12107. 7 

4A  A 

30.9 

72 

163.3 

A*^  1 

47 .41 

63 

30.9 

14.6 

13  108.6 

31.1 

73 

166.3 

47. T 

31 .9 

14.9 

14'l09.6 

31.4 

74 

167.3 

48.0 

63 

32.9 

15.2 

131110.5 

31. 7| 

73 

168.2 

48.2 

56 

33.8 

15.4 

16 

111.6 

32.0; 

76 

169.2 

48.5 

67 

54.8 

15.7 

17 

112.5 

32.  si 

77 

170.1 

48.8 

68 

55.8 

16.0 

18 

113.4 

SS.6 

78 

171.1 

49.1 

69 

56.7 

16.3 

19 

114.4 

32.8 

79 

172.1 

49.3 

60 

67.7 

16.5 

20 

113.4 

33.1 

80 

173.0 

49  6 

DisT 

Dep. 

Lat. 

Dbt. 

Dep. 

Lat. 

Dist. 

Dep. 

Lat 

Dbt. 


181 474 
82174 
83175 
84176 
85  177 
178 


86 
87 

88 


87  179 
180 


89  181 
90182 


201 
02 
03 
04 


Lat.  ,  Dep.  ,;Dist.  Lat. 


.0 
.9 
.9 
.9 
.8 
.8 
.8 
.7 

P 
.6 


49 
60 
50 
50 
51 
51 
51.6 
51.8 
52.1 
52.4 


191 

92 
93 

94186 
96187 
96 
97 
98 
99 
200 


183.61 
184.6 
185.6 
.5 
.4 
188. 
189 
190 
191 
192 


4 
4 

3 

,3 


52 
52 
53 
53 
53 
54 
64.31 
64.6 
54.9 
55.1 


193.2 
194.21 
195.1 
196.1 

05  197.1 

06  198.0 
199.0 
199 


241  231 
43  232 
43233 
44234 

45  235 

46^ 
47.237 
48(238 
49^239 
601240 


in 
08 


09  200 
10201 


211(202.8 

12  203.8 

13  204 
205 

15  206.7 

16  207.6 

17  208.6 
18209.6 
19210.5 
20  211 


231 


221 
22 

23214 
24216. 
25 

26  217 
27 

o 


212.4 
213.4 
4 

3 

216.3 
9 

218.2 
28219.2 

29  220.1 

30  221.1 


222.1 
32  223.0 
33S24.0 

34  224.9 

35  225.9 

36  226.9 

37  227.8 

38  228.8 

39  229.7 

40  230.7 


55.4 
66.7 
56.0 
56.2 
56. 
56.8 
57.1 
57.31 
57.6 
57.9 


68. 
68. 
68.7 
59.0 
59.3 
69.5 
59.8 
60.1 
60.41 
60.6 


261^250 

62  251 

63  232 
64253 

65  254 

66  255 

67  256 

68  257 
69258 


70 


271 


259 


260 


60.9 
61.2 
61.5 
61.7 
62.0 
62.3 
62.6 
62.8 
63. 
63. 


72  26! 

73  262 

74  263 

73  264 
76  266 
77}266 
781267 
79:268 
801269 


63.7 
63.9 
64.2 
64.5 
64.8 
65.1 
65.3 
66.6 
65.9 
66.2 


281,270 
82'27I 
83272 
841273 
86274 

86  274 

87  275 

88  276 

89  277 

90  278 


291  279 

92  280 

93  281 
94282 
96283 
96284 

97  235 

98  286 

99  287 
300  288 


7 

6 

6 

5 

5 

5 

4 

4{ 

4 

3 


Dep.  • 


7 
7 
6 
6 
6 
5 
5 
6 
4 
4 


66.4 
66.7 
67.0 
67.3 
67.5 
67.8 
68. 1 
|6.4 
68.6 
68.9 


69.2 
69.5 
69.7 
70.0 
70.3 
70.6 
70.8 
71.1 
71,4 
71.7 


71.9 
72.2 
72-5 
72.8 
73.0 
73.3 
73.6 
73.9 
74.1 
74.4 


74.7 

75.0 
75.2 
75.5 
75.8 
76.1 
76.4 
76.6 
76.9 
77.2 


77.5 
77.7 
78.0 
78.3 
78 
78 
79 
79 
79.7 
7e.9 


80.2 
80.5 
80.8 
81.0 
81.3 
81.6 
81.9 
82. 1 
82.4 
82.7 


Lat.   Di.st.  Dep.  Lat. 
(For  74  i>egre4 
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TABLE  IL 

Difference  of  Latitude  and  Departure  for  17  Degrees. 


as 


Dist;  Lnt 

1  at 
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00.. 3 
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!  t  /I  0 

1  5d.3 

17. 8| 

%  01.9 

00.6 

o«> 
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3 
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00.9 

At 
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4 
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£ 

►i  04.8 
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00 
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1 0  A 
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'  01.8 

Ou 

fCI  1 
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7 
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u  1 

.  1 

I  y  .0 

S 

!  07.7 

1  02.3 

l\H 
uo 

nil .  u 

.  y 

9;  08.6 

!  02.6 

n 

uo  .u 

9n  9 
zu.z 

10;  09  6|  02.9 

711 

Tin .  J 

i*fi  i< 

11 

,  10.5 

1  03.2 

/ 1 

0  / .  y 

«U.  If 

12 

1  11 .51  03.5, 

7«> 

Do  .  J 

91  1 

21  .  I 

13l  12.4;  03.8 

71 
10 

Otf  .  0 

21.0 

14 

13.4 

7.1 

7rt  51 

21.0 

15 

14.3 

04.4; 

7t 

71  7 

9 1  U 

16 

15.3 

04.7; 

1  ft 

7¥  7 

17 

16.3 

05.01 

77 

7'l 

29  A* 

1 0 

17.2 

05  3l 

f  0 

74  fi 

A2 . 0 

1 0 

18.2 

05. 6| 

71 

7'i 

9^  1 
.  1 

9n 
zif 

19.1 

05.  R, 

ti\i 

7li 

2^  4 

21 

20. 1 

06.11 

0 1 

11.1} 

7" 

zo .  / 

0.7 

A  mm 

21.0 

(►6.4 

Ul 

7.1  4. 

94  n 

23 

22.0 

06.7' 

7Q  4 

21 

24 

23.0 

07.0 

M 
0*9 

80  '{ 

24  fi' 

25 

23.9 

07.3 
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26 

24.9 

07.6 

oil 

•JIT 

25.8 

07.9 
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26. n 

08. 2i 

00 
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29 

27.7 

08.51 

ov 

Rf%  1 

CK/  .  1 

30 

28.7 

08.8 

un 

nv 

Rf^  1 
00  .  1 

ZD  .  •> 

31 

29.6 

09.1; 

(1 1 

0  /  .U 

9i;  c 
2U  .u 

32 

30.6 

09.4' 
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on .  II 

<'fi  <)i 

33 

31 .6 

09.6, 

nil  cj 

34 

32.5 

09. 9f 

Ill 

J-* 

RQ  (1 

97 

35 

33.5 

10.2! 

w, 

» .  0 

97  n 

36 

34.4 

10. 5I 

.»'.< 

(11  R 

'>a  1  i 

37 

35.4 

10. C- 

1 

(11  •> 

OQ  J  1 

3Q 

3r,.3 

11.1; 

MI  71 

39 

37.3' 

11.4 

( ,  , 

^ '  i  ' 

0  .  .» 

40 

.38.31  11.7; 

n«j  •  n 

41 

3U.2 

12.0 

■  ill 

on 

^0 . 0 

42 

40.2 

12.3 

0'2 

43 

41  .1 

12.6 

JO  •  c/ 

10  1 

44 

42.1 

12.9 

04. 

30  4! 

45 

43.0 

13.2 

100  4 

w  7' 

46 

44.0 

13.4 

or. 

101  4 

Tl  0 

47 

44.9 

13.7 

07 

.J  1  .  «f 

48 

45.9 

14.0 

{n't 

11 

«i  1  .  Ul 

49 

46.9, 

14.3 

'ly 

1 V  *  .  *. 

HI  <t 

50 

47.8 

14.6 

10 

Ifl^  9 
1  UO  .  i 

oz .  z 

61 

48.8 

14.9 

III 

OZ  .  .) 

62!  49.7 

15.2 

12 

107.1 

32. 7| 

63  50.7 

16.5 

13 

108. 1 

3:1.0' 

64|  61.6 

15. H 

14 

109.0 

33.. 1| 

551  52.6 

16.1 

15 

110.0 

33.6 

66;  63.6 

16.4 

16 

110.9 

33.9 

57:  54.6 

16.7 

17 

111  .9 

34.2 

68 

65.5 

17.0 

18 

112. }i 

34.5, 

59 

56.4 

17.2 

19 

113.8 

34. 8| 

60 

67.4 

17.5 

20 

114. H 

35.1 

_DisL  Dep. 

Lat. 

Dist. 

l>«p.«  Lnl. 

Dist.;  Lat.  j  Dep. 


121;116.7j 
22  116.7 
23117.6| 
24  118.6j 
251119.5' 
120.5 
121.5 
122.4 

29  123.4 

30  124.3 


26 
27 
28 


131 

32 
33 


34  128.1 


35 
36 


129J 
130.1 
37131.0 

38  132.0 

39  132.9 

40  1.13.9 


141 

42 


43  136 

44  137 


45  13 
46 
47 
48 


'A 

139 
140 
141 
491143 
60  143 


171 

72 


Dist. 


35.4 
35.7 
36.0 
36.3 
36.6 
36.8 
37.1 
37.4 
37.7 
38.0 


126.3! 
126.2 
127.2 


134. 
135 


I;j1 
52 
63 

54  147 

56 
56 
57 
6!» 
59 
(K) 


114.1 
145.4 
146.3 

3 

143.2 
149-2 
150.1 
151 .1 
152.1 
J  53.0 


38.3 
38.6 
38.9 
39.2 
39.5 
39.8 
40.1 
40.3 
40.6 
40.9 


41.2 

41.3 

41. « 

42.1 

42.4 

42.7 

4,1.01 

43.3 

43.6 

43.9 

'im 

44.4 
M.7 
46.0 
45.3 
45.6 
45.9 
46.2 
46.5 
46.8 
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62 

631155 
64  156. 
651157, 
66 
67 


154.0 
154. 9 

9 
8 
8 

158.7 
159.7 
68(160.7 
69161.6 

70  162.6 


16.1.5 


73165 
74  166 


75  167 
76 
77 
78 


79171 
80172 


4 

168.3 
169.3 
170.2 

2 
2.1 


Dep. 


47 
47 
47 
47 

4U 
48.5 
48. h 
49.1 
49.4 
49.7 


Di.nl.,  La(.  |J»- 


181 

82 


50.  (t 
50.3 
50.6 
50.9 
51.2 
51 .5 
51.7 
62.0 
62.3 
62.  (i 


I^t. 


173.1 
174.0 

831176.0 

84  176.0 

85  176. 9 


86  177 
87:i78 
fJ8'l79.8 
89:180.7 
IK)  181 .7 
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92 
93 


94  185 


95 
96 
97 
98 
99 
200 


I«2, 
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184 


186 
187 
188 
189.3 
190.3 
191  .3 


52.9 
53.2 
63.5 
53.8 
54 
64 
54 
55 
66 
65 
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02 
03 
04 
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193.2 
194.1 
195.1 
05;  196.0 
06'197.0 
07!  198.0 


21 11201 

1 

1 . 
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r-  'n:>.6 

ll.  6 

I7I207.5 
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56.4 
56.7 
57.0 
57.3 
57.6 
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58.2 
58.5 
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22 
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24 
25 
26 
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214.2 
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216.1 
217.1 
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0 


9 
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3» 


40 
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39  223.6 


229.5 


Dist. I  D 


Dist..  Lnt. 


5.i.b 
59.1 
59.4 
59.6 
59.9 
60.2 
60.6 
60.8 
61.1 
61.4 


241  230.5 

42  231.4 

43  232.4 

44  233.31 

45  234.3 

46  235.3 

47  236.2 
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.'iO'239 . 1 
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.'>2  24I 
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64 

55 
56 
57 
5H 
59 
60 


61 


n 


62.6 
62.9 
63.2 
63.4 
63  7 
64.0 
64.3 


64.6 
64.9 
66.2 
65.6 


69 
69 
70 


Lnt. 


Dep. 


240.0 
0 
.9 
J42  9 
2k<.9 
U.8 
246.8 
246.7 
247.7 
24J{  6 


1 


261  249 

64|2i>2 
65  253. 
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67 
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70  2.')a.2 


7  i  27 


271 
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73 
74 
75 
76 
77 


80 


2a  1 
82 


I 
I 

!  84 

;l. 
87 
8JJ 
89 
'.W 


70.6 
70.8 
71.0 
71.3 
71.6 
71.9 
72.2 
72.6 
72.8 
73  .J^ 

73  ~ 
73.7 
74.0 
74.3 
74.6 
74.8 
75. 1 
75.  i 
75.7 
_76.0 

76T3 
76.6 
76.9 
77.2 
77.5 
77.8 
78.1 
78. 4 
78.6 
78.9 


261 
i62 
263 
263 
264 

78  265 

79  266 


267.8 


79.8 
Oi  80.1 

i:n  4 
i;0.7 
81  0 
81 .3 
81 .6 
81 .9 


269.7 
83  270.6 


271.6 

-J.fi 
?.>.6 
274.6 
n5.4 
276.4 
J77  3 


Ui.4 
82.7 
83.0 
83.3 
83. 6 
83.9 
84.2 
84. 6 
R4.8 

T 


91  281  .2 
'282.1 
283.1 
284.0 


.,'0 

97 


IDist 


98  285 

99  285 


3«I0  2«6.9 


Dep. 


86.0 

86.5 

86-8 
87.1 
87.4 
87.7 


Lat. 


[For  73  Decreet. 


34 


TABLE  II. 


Lat. 

1  Dep. 

I 

01  C 

00.3 

2 

01  S 

00.6 

3 

02.9 

00.9 

4 

03.8 

01 .2 

6 

04.8 

01.5 

6 

05.7 

01.9! 

7 

06.1 

02.21 

C 

07.6 

02.5 

9 

08.6 

02.8  1 

10 

09. 5 

03.1  ! 

11 

10.5 

12 

114 

03.7 

13 

12.4 

04.0 

14 

13.3 

04.Sj 

15 

14.3 

04.6 

16 

15.2 

04.9 

17 

16.2 

05.3, 

18 

17.1 

05.6 

19 

18.1 

05.9,1 

20' 

19.0 

06.  jj 

Dillerence  of  Latitude  and  Departure  for  18  Degrees. 


61 

-62 
63 
64 
65 
66 
67 
68' 


58.0 
59.0 
69.9 
60 
61 

62.8 
63.7 
64.7 
69!  65.6 
70!  66.6 


71  67.5  21.9 
721  68.5  12.2, 
73!  69. 4|  22.61 
74'  70.41  22.9 
i  11. i  23 


18.9 
19.2 
19.5 
19. G 
20.1 
20  4 
20.7 
21. 0| 
21 .3; 
21 .6 


Disl.  Lat. 


121 
22 
23 
24 
25, 

"26! 
27 
28 
29 
30 


131 

32 

33 


76 
76  72.3 
77j  73.2 
78'  74.2 

79  75.1 

80  76.1 


2i 

23.5' 
23. B 
24.1 

24.4' 
24. 7[ 


115.1 

116.0 

117.0 

117.9 

118.9 

119. 8 

120.8 

121.7 

122.7 

123.6 


Dep. 


37.4 
37.7 
38.0 
38.3 
38.6 
38.9 
39.2 
39. 6 
39.9 
40. 2 


Dist. 


181 

82 


83  174.0 


124.6 
125. 5 
126. 

34  127.4 

35  128.4 


151 


36 
37 
38 
39 
40 


141 

42 
43 
44 
4.1 
46 
47 
4il 
49 
50 


129.3 
130.3 
131.2 
132.2 
133.1 


40.5 
40.8 
41.1 
41.4 
41.7 
42. 0| 
42.3! 
42.61 
43.0' 
43.3' 


84 
85 
86 
87 
88 
89 
90 


Lat. 


172.1 
173.1 


175,0 
175.9 
176.9 
177.8 
173.8 
179.7 
180.7 


191 

92 
93 
94 


95  185.6 


96 
97 
98 

99 
200 


134.1 1  43.«>;i 
135. li  43.9:1 


136.0 
137.  C 
137.9 
138.9 
109.8 
140. }{ 
141 .7 
142.7 


52 
53 
54 


44.2 

44.5 

44.8 

45.1 

45 .  4t 

45.7 

46.0 

46.4 


143.6 
144.6 
145.5 
146 
65|l47.4 
561148.4 
571149.3 
Si;'l50.3 
69  151.2 
60  152.2 


31.iit|  16i:i5.J.i 
31.51  621154. 1 
63!  155.0 
64!l56.0 
65il56.9 
66,157.9 
67ll58 


46.7 

47.0 

47.3 

47.6 

47.9! 

48.2: 

48.5 

48.9 

49.1 

49.4 


201 
02 
O.l 
04 
05 
06 
07 
03 
09 
10 


181.7 
182.6 
183.6 
184.5 


55.9 
56.2 
56.6 
56.9 
57.2 
57.5 
67.8 
58.1 
68.4 
58.7 


Dist. 


241 
42 
43 


186.4 
187.4 
188.3 
189.31 
199.2! 


59.0 
59.3 
69 
59 
60 
60 
60 
61 
61 .5 
61 .8 


.6 

.9 

.3 

.6 

.9 
0 


191.21 
192.1 
193. 1| 
194.01 
195.01 
195.9 
196.9 
197.8 
198.8 
199. 7j 


62.1 
62.4 
62.7 
63.0 
63.3 
63.7 
(^.0 
64.3 
64.6 
64.9 


Lat. 


229.2 
230.2 
231.1 


44-232 

45  233 

46  234 

47  234 

48  235 

49  236. 

50  237. 


1 

0 
0 

9 
9 
8 
8 


Dep. 


I 

.4 
.7 


74.5 
74.8 
75 
76. 
75 
76.0 
76.3 
76.6 
76.9 
77.3 


251  238.71 
6?  239.7 

63  240.6 

64  241.6 

65  242.5 

56  243.5 

57  244.4 
68  245.4 
59 '246.3 
60247.3 


261 

62 


211  200.7,' 

12  201.6 

13  202.6! 

14  203.51 
15}204.5,' 
16!205.4' 
17;206.4j 
18  207.3 
19|203.3 
20:209.2 


65 
65..' 
65 
66 
66 
66 
67 
67 
67 
68.0 


6}i 
69 
70 


159.8 
160.7 
161 


171  162.6 
72!  163.6 
73jl64 
74!  165. 5 
751166. 
76jl67.4 
77;  168. 3 
781169.3 
79470.2 
80  171 .2 

Dist.  15ejr 


49.8!  221;'2I0.2I 

50.  Ij.  22  211.1 

50.4||  23212.1 

60. 7|  2J'213.0 

61 .01  25|214.0 

51.3  26214.9 

51. 6|  27!215.9 
61 .9 
52.2 
52 


52T8 
53.2 
53.5 
53.8 
54.1 
64.4 
54.71 
55.0 
55.3 
55.6 


28'216.8 
29|217.8 
30;218.7 

231  219.7 
321220.6 
33  221.6 
34 


68 
68 
68 
69.2 
69.5 
69.8 
70.1 
70.5 
70.8 
71.1 


35 


Lat. 


Ot)C>  c 


223.6 

36  224  .4 

37  225.4 
'?26.4 
227.3 

40  223.3 


3n 
39 


Diirt.  Di  p. 


71.4 

71.7 

72.0 

72.3 

72.6 

72.9 

73.2 

73.5 

73.9 

74.2 


77.6 
77.9 
78.2 
78.5 
78.8 
79.1 
79.4 
79.7 
80.0 
80.3 


248.21 
249.2 
6.J  250 . 1 
64  251 
66  262.0 

66  263.0 

67  253.9 

68  264.9 

69  255.8 

70  256.8 


271 
72 


257.7 
258.7 

73  259.6 

74  260.6 

75  261.5 

76  262.5 

77  2413.4 
78i264.4 

79  265 

80  266 


80.7 

81.0 

81.3 

81.6 

81.9 

82.2 

82.6 

82. S 

83.1 

83.4 


83.7 
84. 1 


281,267.2 
82  268.2 
83,269.1 
841270.1 

85  271.1 

86  2r2.0 

87  273.0 
88273.9 

89  274.9 

90  275.8 


Lat. 


291:276.8 
92j277.7 
93  278.7 
94 
95 


279.6 

•280.6 
96j281.5 
97 

9?; 
99 

300  285.3 


84 
84 
85 
85 
85 
85.9 
86.2 
86.6 


4 

7 
0 
3 
6 


86.8 
87.1 
87.5 
87. 8 
88.1 
88.4 
88.7 
89.0 
89.3 
89.6 


Dist 


89. 9 
90.2 
90.5 
90.9 
91.2 
91.6 
91 .8 
92. 1 
284. 4j  92.4 


Dep 


92.7 


Lat. 


[For  72  Degnet, 


II. 


Diflerence  of  Latitude  and  Departure  for  19  Degrees. 


mi 


S41  227.9 
42Sf8.8 

43  229. 8 

44  230.7 

45  231.7 

46  232.6 

47  233.5 

48  234.6 

49  236. 4 
60236.4 


261  237.3 


Dep. 


70.. b 

78.8 

79.1 

79.4 

79.8 

80.1 

80.4 

80.7 

81.1 

81.4 


81.7 


62|38.3i  82.0 
63239.3'  82.4 
54240.2 
55  241.1 
66  242;i 
57  243.0 
68  243.9 
59  244.9 
60245.8 

-01  JuTi 


62  247.7 

63  248.7 
64249.6 

66260.6 

66  261.6 

67  252.5 
6S  253.4 
69254.3 
70266.3 


271!256.2 
72  257.2 
73258.1 
74259.1 

76  260.0 
761261 .0 

77  261.9 

78  262.9 

79  263.8 
80264.7 

281, 

82!  J 


86  270  .4 
871271  .4J 

88  272.3 

89  273.^ 
901274.2 


«2.7 
83.0 
83.3 
83.7 
34.0 
84.3 
J4.6 

ssTo" 

85.3 

85.6 

86.0 

86.3 

86.6 

86.9 

87.3 

07.6 

87.9 


88.2 
88.6 

R8.9 
RI<  2 
n'J.5 

cy.9 

00. U 
90.5 
90.8 
91.2 


2911275.1 
92:276  I 
93|277.0 
94-'7«.0 
278.9 
279. 9 

97  200.8 

98  281 .8 
•202.7 


•'1.6 
I  8 

-  I 


yj.i 

93.4 
93.8 
94.1 
94.4 


94.7 
95.1 
95.4 
95  7 
!iC.O 
96 .  I 
%  7 
97  0 
!»7 


li  ill  71  L»«';,v»  f3 


I 


d  by  G(  lOgle 


)6 


TABLE  II. 

Difference  of  Latitude  and  Departure  for  20  Degrees. 


Dtp. 

!  Dist 

Lut. 

1 

Dist 

Lat. 

Dep. 

Dist 

Lat. 

Dep. 

i 

»  00.3 

61 

37.  J 

20.9 

121 

113.7 

41.4 

181 

170.1 

61 .9 

01  .s 

1  00.7 

1  f 

58.3 

21.2 

22 

114.6 

41.7 

82 

171 .0 

62.2 

02.  S 

01 .0 

6J 

>  39.2 

21 .3 

•  23 

113.6 

42.1 

83 

172.0 

62.6 

4 

[  03.8 

01.4 

64 

.  60.1 

21.9 

24 

116.5 

42.4 

84 

172.9 

62.9 

L 

(  04. 1 

01.7 

'  60 

>  61.1 

22.2 

25,117.3 

42.8 

85 

173.8 

63.3 

6 

.  05. b 

02.1 

66 

62. <J 

22.6 

26  118.4 

43.1 

86 

174.8 

63. 61 

"i 

06. (j 

02.4 

67 

63.0 

22.9 

27ill9.3 

43.4 

87 

175.7 

64.0 

h 

07.5 

02.7 

68 

63.9 

23.3 

28' 120. 3 

43.8 

88 

176  7 

64.3 

? 

OS.  5 

03  . 1 

65 

64.8 

23.6 

29  121  .2 

44.1 

89 

177.6 

64.6 

K 

09.-1 

03.4 

70 

65.  J 

23.9 

30,122.2 

44.3 

90 

178.5 

65.0 

~n 

10. J 

03.8 

71 

66.7 

24.3 

1311123.1 

44. « 

191 

179.5 

65. 3[ 

12 

11 .3 

04.1 

72 

67.7 

24.6 

32 

124.0 

43.1 

92 

130.4 

65.7; 

ij 

12.2 

04.  J 

7;i 

68.6 

25.0 

33 

125.0 

43.3 

93 

181 .4 

66. 0| 

14 

13.2 

0-i.i; 

74 

69.5 

25.3 

34 

125.9 

45.8 

94 

182.3 

66.41 

15 

1  L  1 

05.1 

73 

70.3 

25.7 

33 

126.9 

46.2 

93 

1 83 . 2 

66.7! 

1( 

15.0 

03.3 

76 

71.4 

26.0 

36 

127. 8 

46.3 

96 

184.2 

67.0) 

17 

16. 0 

05.3 

77 

72. ^ 

26.3 

37 

128.7 

46.9 

97 

185.1 

67.41 

in 

16.9 

06.2 

78 

73.3 

26.7 

38129. 7 

47.2 

98 

186  . 1 

67.7; 

1'.) 

17.9 

06..) 

79 

74.2 

27.0 

39  130.6 

4).  3 

99 

187.0 

68. 1 

20 

in. a 

06 .  n 

80 

73  .2 

27. 4 

40  131.6 

47.9 

200 

187.9 

68.41 

21 

19.7 

07.2 

81 

76.1 

27.7 

141  132.3 

 1 

48.2 

201 

188.9 

68.7 

22 

20.7 

07. 

82 

77.1 

28.0 

42 

133.4 

48.6 

02 

189.8 

69. 1 

23 

21 .6 

07.9 

83 

78.0 

28.4 

43 

13J.4 

48.9 

03 

190.8 

69.4; 

21 

22.6 

O0.2 

84 

78.9 

28.7 

44 

135.3 

49.3 

04 

191  .7 

69. 81 

25 

23.5 

08. 6 

83 

79.9 

29.1 

45 

136.3 

49.6' 

03 

192.6 

70.1' 

26 

24.4 

08.9 

86 

30.8 

29.4 

4<iil37.2 

49.9 

06 

193.6 

70.5 

27 

25.4 

09.2 

87 

81.8 

29.  R 

47 

138.1 

50.3 

07 

194.6 

70.81 

2a 

26. 3 

09  6 

88 

82.7 

30. 1 

48 

139.1 

50.6. 

08 

195.5 

71.11 

29 

27.1 

09.9 

89 

83.6 

30.4 

49 

140.0 

51  Oj 

09 

196.4 

71.3} 

30 

28.2 

•10.3 

90 

84.6 

30.8 

30 

141  .0 

51.3 

10 

197.3 

71 .81 

~3" 

29. 

10.6 

91 

85.5 

31.1 

131 

141 .9 

51.6 

211 

198.3 

72. 2i 

32 

30. 

10.9 

92 

86.6 

31.5 

52 

142.8 

52.0 

12 

199.2 

72.5 

33 

31 .0 

11.3 

93 

87.4 

31 .8 

53 

143.8 

52.3 

13 

200 . 2 

72. 9| 

3-1 

31 .9 

11.6 

94 

88.3 

32.1 

54 

114.7 

52.7 

14 

201 .1 

73.2 

3;) 

32.9 

12.0 

89.3 

32.3 

53 

143.7 

53.0; 

13 

202.0 

36 

33.3 

12.3 

\  96 

90.2 

32.8 

56 

146.6 

53.4 

16 

203.0 

73.9 

37 

34.3 

12.7 

■  97 

91 .2 

33.2 

57 

147.5 

53.7! 

17 

203.9 

74.2 

38 

35.7 

13.0 

98 

92.1 

33.3 

58 

148.5 

54.0' 

18 

204.9 

74.6 

39 

'36.6 

13.3 

99 

93.0 

33.9 

59 

149.4 

54.4 

19 

205.8 

74.9 

•JO 

37.6 

13.7 

100 

94.0 

34.2 

60 

150.4 

54.7 

20 

206.7 

75.2 

~n 

38.5 

14.0 

101 

94.9 

34.3 

161 

151 .3 

53.1 

221 

207.7 

42 

39.5 

14.4 

02 

95.8 

3-1.9 

62 

132.2 

55.4 

22 

208.6 

75.9 

43 

40.4 

14.7 

03 

96.8 

35.2 

63 

133.2 

55.7 

23 

209  6 

76.3 

41.3 

15.0 

04 

97.7 

35.6 

64 

56.1; 

24 

210.5 

76.6 

43 

42 . 3 

15.4 

05 

98.7 

35.9 

65 

133.0 

56. -l, 

25 

211.4 

77.0 

•U'} 

43.2 

15.7 

06 

99.6 

36.3 

66 

136.0 

56.8 

26 

212.4 

77.3 

47 

4-1.2 

16. 1 

07 

100.5 

36.6 

67 

136.9 

57.1 

27 

213.3 

77.6 

48 

45. 1 

16.4 

03 

101 .5 

36.9 

68 

157.9 

57.5 

28 

214.2 

78.0 

4!» 

46.0 

16.8 

09 

102.4 

37.3 

69 

158.8 

57.8 

29 

215.2 

78.3 

hO 

47.0 

17.  1 

10 

103.4 

37.6 

70 

139.7 

58.1 

30 

216.1 

78.7! 

"31 

47.9 

17.4 

111 

104.3 

38.0 

171 

160.7 

58.3 

231 

217.1 

79.0! 

32 

48  9 

17.8 

12 

1  n 0 

1  KJO  .  »\ 

Jo .  0 

72 

161.6 

OiS .  01 

o2 

■Old  n 

TO  1 

79. 0 

33 

49.8 

18.1 

13 

106.2 

38.6 

73 

162.6 

59.2 

33 

218.9 

79.7; 

34 

50.7 

18.3 

14 

107.1 

39.0 

74 

163.5 

39.5 

34 

219.9 

80.0 

33 

51.7 

18.8 

15 

108.1 

39.3 

75 

164.4 

59.9 

33 

220.8 

80.4 

36 

32.6 

19.2 

16 

109.0 

39.7 

76 

165.4 

60.2 

36 

221.8 

80.7 

37 

53.6 

19.3 

17 

109.9 

40.0 

77 

166.3 

60.5 

37 

222.7 

81.1 

38 

5^1.5 

19. 

18 

110.9 

40.4 

78 

167.3 

60.9 

38 

223.6 

81.41 

39 

55.4 

20,2 

19 

111.8 

40.7 

79 

168.2 

61.2 

39! 

m.6 

81.7 

«;o 

56. 1 

20.3 

20 

112.8 

41.0 

80 

169.1 

61.6 

40 

225.5 

82.1! 

isd 

Dep. 

Lut.  I'Dist  1 

Dep.  1 

Lat.  I 

DLst.' 

Dep 

Lat.  ' 

Dist. 

Dep. 

Lat.  1 

Dist  I  Lat. 


2411226.3 


42 


43SS8.3 


44 


43  230.2 


46 


47  232.1 


48 


491234.0 


50 


231 
52  236 


62 
63 
64 
65 
66 


227.4 


229.3 


231.2 


1233.0 


234.9 


235.9 
8 

53  237 . 
54f238. 
.6 
6 

41 .5 
.4 

243.4 
60244:3 


55  239. 

56  240. 

37 

58l24S. 
39 


Dep. 


82.4 
82.8 
83.1 
83.5 
83.8 
84.1 
84.5 
84.8 
85.2 
85.5 


85.8 
86.2 
86.5 
86.9 
87.2 
87.6 
87. 9 
88.2 
88.6 
88.9 


261  245.3 


§46.2 
247 
|248.1 
249.0 
250 
67250.9 

68  251.8 

69  252.8 

70  253.7 


271 
72 
73 


34.7 
•253.6 
236 

74  257. 5j 

75  258.4 

76  259. 4 
77260.3 
78|SS1.2 
~'i  ^1''  2 .2 

1 


281 
82 


.0 

83265.9 


84  266 


264. 
265. 


H 

267 
268 
269 
270, 


85 
86 
87 
88 
89271 
90  272, 


291  273 
92  274 


300 


273 
276 
277.2 


93 
94 
93 
96  278 
97 
98 
1HJ281 


279 
2«0 


89.3 
89.6 
90.0 
90.3 
90.6 
91.0 
91.3 
91.7 
92.0 
92  3 


92.7 
93.0 
93.4 
93.7 
94.1 
94.4 
94.7 
96.1 
95.4 
95.8 


%.l 
96.4 
96.8 
97.1 
97.5 
97.8 
98.2 
98.5 
98.8 
99.2 


99  5 
99.9 
100.2 
100.6 
100.9 
lOI 
101.6 
101.9 
102.3 


281 .9  102.6 


Di»t.  Dep.  Lat 


[For  70  Degrees. 


Dii 


i 

I 


TABLE  II. 

Difference  of  Latitude  and  Departure  for  21  Degrees. 


87 


DIst 

Lnt.  1 

nut. 

Lat.  1 

L)«;p  .Dial. 

Lat.  1 

Dep 

bi5t. 

Lat. 

] 

00.  y 

00.  y 

61 

56.91 

21.9 

1  u  1 

113.0 

43.4 

181 

I69.0| 

64.9 

01 .9 

00.7 

62 

57.9 

22.2 

113  9 

43.7 

82 

169.9 

65.2 

3 

02.8 

01 . 1 

63 

58.8 

22.6 

O'l 

iO 

114.8 

44.1 

83 

170.8 

65.6 

4 

03.7 

01 .4 

64 

59. 7 

22.9, 

115  8 

44.4 

84 

171.8 

65.9 

6 

04.7 

01 .8 

65 

60.7 

23. 3' 

116.7 

44.8 

85 

172.7 

66.3 

6 

05.6 

02.2 

66 

61.6 

23. 7i 

117.6 

45.2 

86 

173.6 

66.7 

7 

06.5 

02.5 

67 

62.5 

24.0 

9*7 

118.6 

45.5 

87 

174.6 

67.0 

8 

07.5 

02.9 

68 

53.5  24. 4 

ZO 

119.5 

45.9 

88 

175.6 

67. 4| 

9 

08.4 

03.2 

69 

64.4 

24-7 

29 

120.4 

46.2 

89 

176.4 

67.7' 

'  10 

09.3 

03.  f) 

70 

65.4 

25.1 

SO 

121.4 

46.6 

90 

177.4 

68 . 1 

11 

10.3 

03. 9 

71 

66.3 

25.4' 

101 

122.3 

46.9 

191 

178.3 

68.4 

IS 

11.2 

04.3 

72 

67.2 

25.8 

123.2 

47.3 

92 

179.2 

68.8 

13 

12.1 

04.7 

73 

63.2 

26.2 

*t1 

00 

IS4.2 

47.7 

93 

180.2 

69. 2 

14 

13.1 

05. 0 

74 

69.1 

26.5 

1A. 

125.1 

48.0 

94 

181 .1 

69.5 

15 

14.0 

05. 4 

75 

70.6 

26.9 

126.0 

48.4 

95 

182.0 

69. 9 

16 

14.9 

05.7 

76 

71.0 

27.2 

127.0 

48.7 

96 

183.0 

70.2 

17 

15.9 

06  . 1 

77 

71.9 

27.6 

0 1 

127.9 

49.1 

97 

183.9 

70. 6 

18 

16.8 

06. 5 

78 

72.3 

28.0 

128.8 

49.5 

98 

184.8 

71.0 

19 

17.7 

06.8 

79 

73.8 

28.3 

39 

129.8 

49.8 

99 

185.8 

71 .3 

20 

18.7 

07.2 

80 

74.7 

28.7 

40 

130.7 

50.2 

200 

186.7 

71 .7 

21 

19.6 

07.5 

81 

75.6 

29.0 

131.6 

50.5 

201 

187.6 

72  0 

22 

20.5 

07.9 

82 

76.6 

1  29.4 

132.6 

50.9 

02 

188.6 

72.4 

23 

21.5 

08.2 

83 

77.5 

!  29.7 

AX 

133.5 

51.2 

03 

189.5 

72.7 

24 

22.4 

08.6 

84 

78.4 

30.1 

AA 

134.4 

51.6 

0-1 

190.5 

73.1 

25 

23.3 

09.0 

85 

79.4 

30.5 

£S 
♦«/ 

135.4 

52.0 

05 

191.4 

73.5 

26 

24.3 

09.3 

86 

80.3 

30.8 

46 

136.3 

52.3 

06 

192.3 

73.8 

27 

25.2 

09.7 

87 

81.2 

31.2 

47 

137.2 

52.7 

07 

193.3 

74.2 

2y 

26.1 

10.0 

88 

82.2 

31.5 

to 

138.2 

53.0 

08 

194.2 

74.5 

29 

27.1 

10.4 

89 

83.1 

31.9 

49 

139.1 

53.4 

09 

195.1 

74.9 

30 

28.0 

10.8 

90 

84.0 

32.3 

50 

140.0 

53.8 

10 

196.1 

75.3 

31 

28.9 

11.1 

91 

85.0 

32.6 

1 J  J 

141 .0 

54.1 

211 

197.0 

75.6 

32 

29.9 

11.5 

92 

85. 9 

33.0 

141.9 

54-5 

12 

197.9 

76.0 

33 

30.0 

11.8 

93 

86.8 

33.  :i 

142.8 

54.8 

13 

198.9 

76.3 

34 

31 .7 

12  2 

94 

87.8 

33.7 

\a 

143.8 

56.2 

14 

199.8 

76.7 

35 

32.7 

12.5 

95 

88.7 

34.0 

00 

144.7 

55.5 

15 

200.7 

77.0 

S6 

33.6 

12.9 

96 

89.6 

34.4 

00 

145.6 

55.9 

16 

201 .7 

77.4 

37 

34.5 

13.3 

97 

90.6 

3-t.8 

0  1 

14<;.6 

56.3 

17 

202.6 

77.8 

38 

35.5 

13.6 

98 

91  5 

35. 1 

ftft 

•JO 

147.5 

56.6 

18 

203.5 

78.1 

39 

36.4 

14.0 

99 

92.4 

36.5 

59 

148.4 

57. 0 

19 

204.5 

78.5 

40 

37.3 

14. l 

100 

93. 4 

35.8 

60 

149  4 

57.3 

20 

205.4 

78.  H 

41 

38.3 

14.7 

10 1 

94.3 

36.2 

Wit 

150.3 

57.7 

221';  206. 3 

79.2 

42 

39.2 

15.1 

02 

95.2 

36.6 

6" 

151  .2 

58.1 

22 

207.3 

79  6 

43 

40.1 

15.4 

03 

96.2 

36.9 

6 '5 

152.2 

58.4 

23 

208.2 

79.9 

44 

41 . 1 

15.8 

04 

97.1 

37.3 

64 

153.1 

58.8 

24 

209. 

80.3 

45 

42.0 

16.1 

05 

93.0 

37.6 

154.0 

59.1 

25 

210. 

80.6 

40 

42.9 

16.5 

06 

99.0 

38.0 

uu 

155.0 

59.5 

26 

211.0 

81.0 

47 

43.9 

16.8 

07 

99.9 

38 . 3 

0 1 

155.9 

59.8 

27 

211.9 

81.3 

'Ui 

44.. T 

17.2 

08 

100.8 

38.7 

Do 

156.8 

60.2 

28 

212.9 

81 .7 

49 

45.7 

17.6 

09 

101.8 

39.1 

69 

157.8 

60.6 

29 

213.8 

82.1 

50 

46.7 

17.9 

10 

102.7 

39.4 

70 

158.7 

60.9 

30 

214.7 

82.4 

51 

47.0 

1B.;{ 

111 

103.6 

39.8 

171 

159.6 

61.3 

231 

215.7 

82.8 

52 

48.5 

18.6 

12 

104.6 

40.1 

72 

160.6 

61.6 

32 

216  6 

83. 1 

53 

49.5 

19.0 

13 

105.5 

40.5 

73 

161.5 

62.0 

33 

217.5 

83.5 

54 

50.4 

19.4 

14 

106.4 

40.9 

74 

162.4 

62.4 

34 

218.5 

83.9 

55 

51.3 

19.7 

15 

107.4 

41.2 

75 

163.4 

62.7 

36 

219.4 

84.2 

56 

52.3 

20.1 

16 

108.3 

41.6 

76 

164.3 

63.1 

96 

220.3 

84.6 

57 

33.2 

20.4 

17 

109.2 

41.9 

77 

165.2 

63.4 

37 

221.3 

84.9 

58 

54.1 

20.8 

18 

110.2 

42.3 

78 

166.2 

63.8 

38 

222  2 

85.3 

59 

55.1 

21.1 

19 

111.1 

42.6 

79 

167.1 

64.1 

39 

223.1 

85.6 

60 

50.0 

21.5 

20 

112.0 

43.0 

80 

168. 0 

64.5 

40 

224.1 

86.0 

Dep. ' 

Lat. 

DiM. 

Dep. 

Lat. 

Dist. 

Den. 

Ut. 

Diitl. 

Dep. 

Lat. 

Dist. I  Lat. 


241  225.0! 

k.  .:i;.9 

44  227 . 8 

45  228.7 

46  229.7 

47  230.6 

48  231 

49  232.6 
60  233.4 


251 


234.3 
52  235.3 

63  236 

64  237.1 

65  238 
239 

57  239 
68  240.9 

59  241 

60  242.7 


261  243. 

62  244. 

63  245. 

64  246. 
66  247. 
66  248. 


67  249 

68  260.2 

69  251 

70  252 


271 

72  253 

73  264. 
74 

75  256. 

76  267 


DtM» 


86.4 
86.7 
87.1 
87.4 
87.8 
88.2 
88.5 
88.9 
89.2 
89.6 


90.0 
90.3 
90.7 
91.0 
91.4 
91.7 
92.1 
92.5 
92.8 
93.2 


253.0* 
.9 
.9 
255.8 
?.7 
7 

77  258 . 
259. 
260. 
261. 


78 
79 
80 


88 
89 
90 


262 . 3 
263.3 
2 

265.1 
266 . 1 
267.0 
9 

208.9 
89  269. 8 
270 


28 1 
82 

83  264 
84 
85 
86 

87  267 


271.7 
92  272.6 
273.5 
.5 
4 
3 
3 
2 

279.1 
"80.1 


291 
92 
93 

941274. 

95  276. 

96  276 . 

97  277. 


98  278 

99 
300 


Dist.  Dep. 


93.6 
93.9 
94.3 
94.6 
95.0 
95.3 
95.7 
96.0 
96.4 
96.8 

WJ 

97.5 
97.8 
98.2 
98.6 
98. 9 
99.3 
99.6 
00.0 
00_3 

06T 

01.1 

01.4 

01 .8 

02.1 

02.6 

02.9 

03.2 

03.6 

04.3 
04.6 
05.0 
05.4 
05.7 
00.1 
06.4 
06.8 
07.2 
07.5 


LaL 


[For  69  Degree>. 


Google 


TABLE  U. 

Difference  of  Latitude  and  Departure  for  22  Degrees. 


Dist. 

Lut. 

Dep. ; 

Disl. 

Lat. 

Dep. 

Dist. 

Lat. 

Dep 

Dist. 

Lat. 

Dep. 

I 

00.9 

00.4, 

61 

56.6 

22.9 

121 

112.2 

45.3 

181 

167.8 

67.8 

01 .9 

00.7 

62 

67.5 

23.2 

22 

113.1 

45.7 

89 

I08.7 

68.2 

3 

02.8 

01.1 

63 

58.4 

23.6 

1^ 

114.0 

46.1 

83 

169.7 

68.6 

4 

03.7 

01 .5 

64 

59.3 

24.0 

24 

115.0 

46.5 

84 

170.6 

68.9 

5 

04.6 

01  9 

65 

60.3 

24.3 

25 

115.9 

46.8 

85 

171.6 

69.3. 

G 

05.6 

02.2 

66 

61.2 

24.7 

26 

116.8 

47.2 

86 

172. 5 

69.7 

7 

06.5 

02.6 

67 

62.1 

25. 1 

27 

117.8 

47.6 

87 

173.4 

70.1 

8 

07.4 

03.0 

68 

63.0 

25.5 

28 

118.7 

47.9 

88 

174.3 

70.4 

*} 

08.3 

03.4. 

69 

64.0 

25.8 

29 

119.6 

48.3 

89 

176.2 

70.8 

10 

09.3 

03.7! 

70 

64.9 

26.2 

30 

120.5 

48." 

90 

176.2 

71.2 
— — 

10.2 

04.  li 

71 

65.8 

26.6 

131 

121.5 

49.1 

191 

177.1 

71.5 

12 

11.1 

04.5 

72 

66.8 

27.0 

32 

122.4 

49. 1 

92 

178.0 

71.9 

13 

12.1 

Oi.9 

73 

67.7 

27.3 

33 

123.3 

49.;; 

93 

178.9 

72.3 

14 

13.0 

05 . 2' 

74 

68.6 

27.7 

34 

124.2 

50.2 

94 

179.9 

72.7 

15 

13.9 

05.6 

75 

69.5 

28.1 

35 

125.2' 

50.6 

96 

180.8 

73.0 

1('> 

14.8 

06.  Oi 

76 

70.5 

28.5 

36 

126.1 

50.9 

96 

181 .7 

73.4 

17 

15.8 

06.4 

77 

71.4 

28.8 

37 

127.0 

51  .3 

97 

182.7 

73.8 

15.; 

16.7 

06.7 

78 

72.3 

29  2 

38 

128.0 

51.7 

98 

183.6 

74.2 

19 

17.6 

07.1 

79 

73.2 

29.6 

39 

128.9 

52.1 

99 

1S4.5 

74.5 

20 

1^.5 

07.5 

80 

74.2 

30.0 

40 

129.8 

62.4 

200 

185.4 

74.9 

21 

19.5 

07.9 

81 

75.1 

30.3 

141 

l.kJ.7 

52.8 

201 

186.4 

75.3 

20.4 

08.2 

82 

76.0 

30.7 

\l 

131 .7 

53.2 

02 

187.3 

75.7 

23 

21 .3 

08.6 

83 

77.0 

31 . 1 

43 

132.6 

53.6 

03 

188.2 

76.0 

24 

22.3 

09.0 

84 

77.9 

31.5 

44 

133.5 

53.9 

04 

189. 1 

76.4 

25 

23.2 

09.4 

85 

78.8 

31. «: 

45 

131.4 

54.3 

05 

190. 1 

76.  C 

26 

24. 1 

09 . 7 

86 

79.7 

32.2 

46 

135.4 

54.7 

06 

191 .0 

77.2 

27 

25.0 

10. 1 

87 

80.7 

32.6 

47 

136.3 

55.1 

07 

191 .9 

77.5 

28 

26.0 

10.5 

88 

81.6 

33.0 

48 

137.2 

55.4 

08 

192.9 

77.9 

29 

26.9 

10.9 

89 

82.5 

33.3 

49 

138.2 

55.8 

09 

193.8 

78.3 

:m) 

27. H 

112 

90 

83.4 

33.7 

50 

139.1 

56.2 

10 

194.7 

78.7! 

,31 

28.7 

11.6 

91 

84.4 

34.1 

151 

140.0 

56.6 

211 

195.6 

79.0 

32 

29.7 

12.0 

92 

85.3 

34.5 

52 

140.9 

56.9 

12 

196.6 

79.4 

33 

30.6 

12.4 

93 

86.2 

34. H 

53 

141.9 

57.3 

1 

197.5 

79.8 

3^^ 

31.5 

12.7 

94 

87.2 

35.2 

5^1 

142.8 

57  !7 

14 

198.4 

1 

80. 2; 

35 

32.5 

13.1 

95 

88.1 

35.6 

55 

143.7 

58.1 

15 

199.3 

80.6 

3G 

33.4 

13.5 

96 

89.0 

36.0 

56 

144.6 

58.4 

'  16 

200.3 

80.9' 

37 

34. 3 

13.9 

97 

89.9 

36.3 

57 

145.6 

58.8 

1  n 

201 .2 

81.3 

38 

35.2 

14.2 

98 

90.9 

36.7 

58 

146.5 

59.2 

18 

202 . 1 

81 .7 

39 

36. 2 

14.6 

99 

91 .8 

37. 1 

59 

147.4 

59.6 

'  19 

203.1 

82. 0| 

4G 

37. 1 

15.0 

IIH) 

92.7 

37.5 

60 

148.3 

59.9 

20 

204.0 

82.4 

41 

38.0 

15.4 

101 

93.6 

37. H 

161 

149.3 

60.3 

221 

204.9 

82.8 

42 

38.9 

15.7 

02 

94.6 

38.2 

62 

150.2 

60.7 

22 

205.8 

83.2 

43 

39 . 9 

16.1 

03 

95.6 

38.6 

63 

151.1 

61.1 

23 

206.8 

83.5 

41 

40.0 

16.5 

04 

96.4 

39.0 

61 

152. 1 

61.4 

24 

207.7 

83.9 

45 

41 .7 

16.9 

05 

97.4 

39.3 

65 

153.0 

61.8 

25 

208.6 

84.3 

46 

42.7 

17.2 

06 

98.3 

39.7 

66 

153.9 

62.2 

26 

209.6 

84.7 

47 

43.6 

17.6 

07 

99.2 

40. 1 

67 

154.8 

62.6 

27 

210.5 

85. 0' 

4n 

44.5 

18.0 

08 

100.1 

40.5 

68 

155.8 

62.9 

28 

211.4 

86.4 

49 

45 . 4 

1 

18.4 

09 

101.1 

40.8 

69 

156.7 

63.3 

29 

213.3 

85.8 

50 

46.4 

18.7 

10 

102.0 

41 .2 

70 

157.6 

63.7 

30 

213.3 

86.2 

51 

47.3 

19.1 

111 

102.9 

41 .6 

171 

158.5 

64.1 

231 

214.2 

86.5 

52 

48.2 

19.5 

12 

103.8 

42.0 

72 

159.5 

64.4 

32 

216.1 

86.9 

53 

49.1 

19.9 

13 

104.8 

42.3 

73 

160.4 

64.8 

33 

216.0 

87.3 

54 

50.1 

20.2 

14 

105.7 

42.7 

74 

161.3 

65.2 

34 

217.0 

87.7 

55 

51 .0 

20 . 6 

15 

106.6 

43.1 

75 

162.3 

65.6 

35 

217.9 

88.0 

5(i 

51.9 

21.0 

IG 

107  6 

43.5 

76 

163.2 

65.9 

36 

218.8 

38.4 

57 

52.8 

21.4 

17 

108.5 

43.8; 

77 

164.1 

66.3 

37 

219.7 

88.8 

5» 

53.8 

21.7 

18 

109.4 

44.2 

78 

165.0 

66.7 

38 

220.7 

89.2 

59 

54.7 

23.1 

19 

110.3 

44.6 

79 

166.0 

67.1 

39 

221.6 

89.5 

M 

55.6 

22.6 

20 

1113 

45.0 

80 

166.9 

67.4 

40 

222.5 

89. 9 

Dep. 

Lat. 

Dbf 

Dep. 

Lat. 

Dint. 

Drp. 

l^t. 

Di.st. 

Dep 

Lat.  1 

Dii^t 


241 
421224 
43226. 
449S6. 


£23.6 
4 
3 
2 

45  227.2 

46  228 


47  2 
48 
49 


29.0 
229.9 
230.9 
60  231 .8 


251  23: 
62 


^3  < 
64  235. 
65 
66  237 


261 
62 
63 
64 
65 


Lat. 


2.7 
233.7 
6 
.5 

236.4 
4 

57  238.3 

58  239.2 
69  240 
60  241 .1 


Dep. 


90.3 

90  7 

91  0 
91 .4 
91.8 
92.2 
92.6 
92.9 
93.3 
93.7 


94.0 
94.4 
94.8 
95.2 
95.5 
96 
96 
% 
97 
97 


242.0 
242.9 
243.8 
244.8 
245 


66  246 
67 


7 

6 

247.6 
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94  0 

r 

OR 

185  3 

94  4 

.7.6 

09 

1 86  .'2 

94  9 

<i8.  I 

10 

187  I 

21 1 

188.0 

95 . 8 

1  *> 

1  /Jfl  0 

1  ci 0  . 

69  5 

13 

189  8 

96  7 

fc'V/  -  ff 

69  9 

14 

190  7 

97  ^ 

70  4 

15 

l*H  f> 
1 1  .  u 

07 

70  8 

16 

OR  1 

17 

1  Ju .  0 

If  0  .  I 

71  7 
(1.1 

18 

1  0.1 

OQ  n 

•70  c» 

1  JO  .  J 

72  Ti' 

00  <) 

73. 1 

221 

196.9 

100.3 

1  U7  Q 
1  7  f  .  0 

71  0 

23 

198  7 

101 

74  5 

21 

199  n 

101  7 

74  9 

25 

200 

102  1 

7i  4 

26 

201  4 

102  6 

7'i  8 

27 

202 . 3 

103  1 

7fi 

28 

203  1 

103  A 

7fi  7 

104  0 

104  4 

77.6 

231 

205 . 8 

104.9 

f  0  ■  1 

0- 

».Uo .  / 

1  U.7  .  J 

78.5 

33 

207.6 

105.8 

79.0 

34 

208.6 

106.2 

79.4 

35 

20;) .  4 

106.7 

79.9 

36 

210.3 

107.1 

80.4 

37 

211.2 

107.6 

80.8 

38 

212. 1 

108.0 

81.3 

39 

213.0 

108.5 

81.7 

40 

213.8 

109.0 

Lat.  1 

Dist. 

Dep. 

Lnl. 

241 

42 
43 


214. 
215. 
216 


4-II217.4 


45 


46  219. 
47220. 


48 
49 
50 


251 
62 
53 
5^1 

55 
56 
57 
58 
59 
60 


218. 


Vicp. 

109.4 
109.9 
110.3 
liO.8 
111  .2 
lii,7 
112.1 


221. 011c. 6 

221 

•}.■>■)  i> 


261 
62 
6.i 
64 
65 
66 
67 
68 
69 
70 


271 
72 
73 
74 


223. 
224. 

226. 
227 . 
228. 
229. 
229 . 
230 . 
231 . 


232 . 
233. 
234. 
235 . 
2:J6  . 
237 . 
2.17. 
238 . 
239. 
240. 


2M 
242 
213 

244, 


75  245 
76 
77 
78 
79 
80  249 


281 

82 
83 
84 
85 
86 
87 
811 
89 


245 
246 
247 
248 


113.0 
113.5 

mTo" 

1 14.4 
114.9 
115.3 
115.8 
116.2 
116.7 
117.1 
117.6 
\18.0 

iiqT 

118.9 
119.4 
119.9 
120.3 
120.8 
121.2 
121 .7 
122.1 
122.6 


123.0 
123.5 
123.9 
124.4 
124.8 
125.3 
125.8 
126.2 
126.7 
127.1 


250, 

251 , 

2.52, 

253 

2.)3, 

254, 

255. 

256. 

257. 


90  258.4 


291 

92 


93  261 


94 
95 
96 
97 


98  26 
99 
300 


Dist 


4^127.6 
128.0 
128.5 
128.9 
129.4 
129.8 
130.3 
130.7 
131.2 
131.7 


259 
260 


262 
262 
263 
264 


o 
266 
267 


Dep. 


31132.1 
132.6 
133.0 
133.5 
133.9 
134.4 
134.8 
135.3 
41135.7 
3  136.2 


[For  63  Degrees. 


Digitized  by  G0CV7I1 
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TABLE  11. 

Diflerence  of  Latitude  and  Departure  for  26  Degrees. 

l)St 


Lat. 

Dep. 

Dist.i  Lat. 

t 

Dep. 

Dbt. 

Lat. 

Dep. 

Dist. 

Lat.  J 

Dep.  J 

1 

00.9 

00.4 

61 

54. 8 

26.7 

121 

108.8 

63.0 

181 

162. 

7 

79.3 

2 

01.8 

00.9 

62 

66.7 

27.2 

nm 
«^ 

109.7 

53.5 

82 

163. 

6 

79.8 

ti 

02.7 

01.3 

63 

66.6 

27.6 

23 

110.6 

63.9 

83 

164 

6 

80.2 

4 

'  03.6 

01 .8 

64 

67.6 

28.1 

24 

111.6 

64.4 

84 

166 

4 

80.7 

5 

I  04.6 

02.2 

66 

68.4 

28.5 

25 

112.3 

64.8 

86 

166 

3 

81.1 

6;  05.4 

02.6 

66 

69. 3 

28.9 

26 

113.2 

55.2 

86 

167 

n 

81.6 

7 

06.3 

03. 1 

67 

60.2 

29. 4| 

27 

114. 1 

66.7 

87 

168 

1 

82.0 

8 

07.2 

03.6 

68 

61.1 

29.8 

28 

116.0 

66.1 

88 

169 

0 

82  4 

9 

08.1 

03.9 

69 

62.0 

30.5 

29 

115.9 

56.6 

89 

169 

9 

82.9 

10 

09.0 

04.4 

70 

62.9 

30.7 

30 

116.8 

67.0 

90 

170 

8 

83.3 

~TT 

09.9 

04.8 

71 

63.8 

131 

117.7 

67.4 

191 

171 

7 

83.7 

12 

10.8 

05.3 

72 

64.7 

31 .6| 

32 

118.6 

57.9 

92 

172 

6 

84.2 

13 

11.7 

05.7 

73 

65.6 

32. 0| 

33 

119.6 

68.3 

93 

173 

6 

84.6 

14 

12.6 

06. 1 

74 

66.5 

32.4, 

34 

120.4 

63.7 

94 

174 

4 

86.0 

15 

13.5 

06.6 

75 

67 . 1 

35 

121 .3 

69.2 

!»6 

176 

3 

85.5 

Ifi 

14.4 

07.1) 

7fi 

63.3 

33.3; 

36 

69.6 

96 

176 

.2 

85.9 

17 

15.3 

07.6 

77 

69.2 

33.8! 

37 

123.1 

60.1 

97 

177 

.1 

86.4 

lu 

16.2 

07. 9 

78 

70.1 

_  _i 
34.2 

38 

124.0 

60.6 

98 

178 

.0 

86.8 

19 

17.1 

03.3 

79 

71.0 

34.61 

39 

124. 9 

60.9 

99 

178 

9 

87.2 

■JO 

Ifi.O 

OO.fij 

80 

71 .9 

36. 1| 

<W 

125.8 

61 .4 

200 

179 

8 

87.7 

"7T 

18.9 

09. 2| 

81 

72.8 

35 . 5, 

141 

126.7 

61.8 

201 

180 

7 

88.1 

19.8 

o;j.6! 

32 

73.7 

35.9, 

42 

127.6 

62.2 

02 

181 

.6 

88.6 

23 

20.7 

10.1 

83 

74.6 

36.4' 

43 

128.6 

62.7 

03 

182 

.6 

89.0 

21 

21.6 

10.5 

81 

75.6 

36.81 

44 

129.4 

63.1 

04 

183 

.4 

89.4 

2j 

22.6 

11 .0 

86 

76.4 

37.3 

45 

130.3 

63.6 

05 

184 

.3 

89.9 

26 

23.4 

11.4 

86 

77.. ^ 

37.7' 

46 

131 .2 

61.0 

06 

186 

.2  90.3 

27 

24.3 

11.8 

87 

78  2 

38. ll 

47 

132.1 

64.4 

07 

186 

.1 

90.7 

2» 

26.2 

12.3 

88 

79.1 

38.6 

48 

133.0 

64.9 

08 

186 

.9 

91.2 

29 

26.1 

12.7 

89 

80.0 

39.0 

49 

133. 9 

65.3 

09 

187 

.8 

91 .6 

27.0 

13.2 

90 

80.9 

39. 6j 

60 

134.!! 

66.8 

10 

188 

.7 

92.1 

;5i 

27.9 

13.6 

91 

81.8 

161 

135.7 

66.2 

211 

189 

6 

92.5 

32 

28.8 

14.0 

92 

82.7 

.10.3! 

62 

136.6 

66.6 

12 

190 

.5 

92.9 

33 

29.7 

14.5 

93 

83.6 

40.8 

6.-^ 

137.6 

67.1 

13 

191 

4 

93.4 

34 

30.6 

14.9 

l.>4 

81.6 

61 

138.1 

67.6 

14 

192 

.3 

93.8 

3j 

31 .5 

15.3 

95 

8.-i.4 

41 .6 

6.> 

I.J9.3 

67.9 

16 

193 

2 

94.2 

30 

32.4 

16.81 

!»6 

«6 . 3 

42. 1 

66 

140.2 

68.4 

16 

194 

1 

94.7 

37 

33.3 

16.2 

97 

87.2 

42.6 

67 

141  1 

6C .  8 

17 

196 

0 

95.1 

38 

34.2 

16.7 

95; 

88 . 1 

43.0 

68 

142.0 

6  9. 3 

18 

196 

9 

95.6 

39 

35.1 

17. 1 

89.0 

43.4 

69 

142.9 

69.7 

19 

196 

.81  96.0 

40 

36.0 

17.5 

100 

89.9 

43.8' 

(iO 

14;^. 8 

70. 1 

20 

197 

■7 

96.4 

41 

36.9 

18.0 

101 

90.8 

■ 



161 

144.7 

70.6 

221 

198 

6 

96.9 

42 

37.7 

18.4 

02 

91.7 

44.7 

62 

145.6 

71.0 

22 

199 

.6 

97.3 

43 

38.6 

18.8 

03 

92.6 

46.2' 

63 

116.6 

71.6 

23 

200 

4 

97.8 

44 

39.5 

19. 3 

01 

93.5 

45. 6 

6i 

147.4 

71.9 

24 

201 

.3 

98.2 

'W .+ 

19.7 

05 

94.4 

46.0 

66 

148.3 

72.3 

251202 

.2 

98.6 

46 

41.3 

20.2 

06 

95.3 

46.6 

66 

149.2 

72.8' 

26 

203 

.1 

99.1 

47 

42.2 

20.6 

07 

96.2 

4^.9 

67 

160.1 

73.2 

27 

204 

.0 

99.5 

48 

43.1 

21.0 

08 

97.1 

47.3 

68 

151.0 

73.6 

28 

204 

9 

99.9 

49 

41.0 

21  .d 

09 

98.0 

47.8 

69 

151 .9 

74. r 

29 

206 

.8 

100. 4| 

30 

44.9 

21 .9[. 

10 

98.9 

48.2 

70 

152.8 

74.6 

30 

206 

.7 

100.8 

t 

51 

46.3 

22.4: 

111 

99.8 

48. 7| 

171 

153.7 

75. Of 

231 

207 

.6 

101. s| 

62 

46.7 

22.8 

12 

100.7 

1 

4y .  1, 

t  HA  C 

1  .'>4  .  D 

•?.'>  ll 
<a  .4| 

32 

208 

.5 

101.7 

63 

47.6 

23.2 

13 

101.6 

49.6 

73 

156.6 

76. 8i 

33 

209 

.4 

102.1 

64 

48.5 

23.7, 

14 

102.5 

60.0 

74 

156.4 

76.3; 

34 

210 

.3 

102.6 

6.5 

49.4 

24. l| 

15 

103.4 

60.4 

76 

1.57.3 

76.7, 

36 

'211 

o 
.  ^ 

103. Oi 

66 

50.3 

24.6 

16 

104  3 

50.9 

76 

158.2 

77.21 

36 

212 

.1 

103.5 

67 

51.2 

25.0 

105.2 

51.3: 

77 

159. 1 

77.6' 

37 

213 

.0 

103.9' 

6H 

52.1 

25.4 

\r, 

106.1 

51. 7t 

78 

IfiO.O 

78.0 

38 

213 

.9 

104.3 

59 

63.0 

25. 9i 

19  107.0 

•  * 

79 

160.9 

7H.6| 

39 

214 

.8 

104.8; 

60 

63.9 

26.. Ij 

20 

107.9 

52.6 

80 

161 .8 

78.9' 

40 

215 

.7 

105.2, 

*\9X 

Dep. 

Lai.  I'Di'l 

Drp. 

Laf.  1 

Dii-t. 

Drp. 

Lat. 

Dist. 

Dep. 

Lat  ' 

241 


216 


42  217 
4:^218 
44219 
46220 

46  221.1 

47  222 
48222 
49223.8 
50  224 


251 
62 

63 


225 
26 
227 


64  228 

65  229. 

66  230 
57  231 
68  231 
69232 
60  233 


261 
62 


2rM 
235 
63236 


64  237 

65  238.2 

66  239 

67  240 

68  240 

69  241 


70  242.7118.4 


271 
72 


86 


88 


Lat. 


106.6 
106.1 
41106.5 
3107.0 
2107.4 
107.8 
0108.3 
9108.7 
109.2 
109.6 


.6 


110.0 
110.5 
4110.9 
in  .3 
111 
112 
112 
113 
113 


114.4 
114.9 
4115.3 
3115 
116 
116 
.01117 
9117 
8117 


243 


73  245 

74  246 

75  247 
76248 

77  249 

78  U9 

79  250 

80  251 


SSI  252 

82  263 

83  254 

84  255 

85  256 


267.1 


87  258 


258 


89  259 

90  260 


261 


291 

92{26 
93263.3 
94 
95 
96 

97  266 

98  267 

99  268 
300|269 


^'64 
65 
266 


95  265.1 


Dbt.  Dep.  Lat 


Dep. 


114.0 


118.8 
.5fll9.2 
119.7 
0.1 
120.6 
121 .0 
121 .4 
9121.9 
122.3 
122.7 


123.2 
31123. 6 
41S4.I 
3 1X4.3 
21124.9 
125.4 
123.8 
126.3 
126.7 
127.1 


5127.6 
4128.0 
128.4 
128.9 
129.3 
.01129. 8 
130.2 
130.6 
7 131.1 
131.6 


[For  64  Dep«es. 


TABLE  II. 

Difference  of  Latitude  and  Departure  for  27  Degrees. 


Dist.i  Lat. 


107.8 
108.7 
109.6 
110.5 
U1.4 
112.3 
113.2 

2n  11 1.0 
3o!n5.B 


131I11G.7 
32  117.  G 

3j'i:o.3 

36il21.2 
37:122.1 
3811-^J.O 
123.8 
40124.7 


43 


Dep. 


64.9 
55.4 

55.5 
56.3' 
56.7 
57,2 
57.7 
58.1 
58.6 
59. 0 


Oist 


Lnt.  Ut'p. 


Dist.l  Lat. 


161 .3 
162.2 
63.1 
63.9 
64.8 
65. 
66.6 
67.5 

89  168.4] 

90  169..-)( 


181 

82 
83 
84 
85 
86 
87 
88 


59.5 

59.9, 

60  4^ 

60.81 

61. a 

61.7 

62.2 

G2.7 

63.1 

63 . 6 


191 

92 
93 


125.6 
126.5 
127.4 
128.3 
129.2 
K^O.l 
131.0 
131.9 
132. 8j 
133.7 


Gi.H 
64.5 
64.9 
65.4 
65.8 
66.3 
66.7 
67.2 
67.6 
68.1 


134.5 
135.4 
53  136.3 
5^1137.2 
138.1 
139.0 
139.9 
140.8 
141.7 
142.6 


9.") 
96 
97 
W 
99 
200 


68.6 

69.0 

69.5 

69.9 

70.4 

70.8 

71.3 

71.7 

72.2 

72.6 


201 
02 
03 
0 
05 
06 
07 
08 
01 
10 


82.2 
85.6 
83.1 
83.5 
C4.0 
84.4 
84.9 
85.4 
85.8 
86.3 


170.2| 
171.1 
172. 0| 
94ll72.9 
173.7 
174.6 
175.3' 
i 


176 
177.3 
178.2 


86.7 
87.2 
87.6 
88.1 
88.5 
89.0 
89. 
89.9 
90.3 
!K).8 


179.1 

IJO.O 

180.9 

181.8 

132.7 

133.5 

184.4 

185.3 

186:2 

187.1 


91 
91 


251 


Dep. 


109.4 
109^.9 
110.3 
liO.8 
111.2 
11PI,7 
112.1 
112.6 
221 .9^113.0 
113.5 


2411214.7 
42  215.6 
43'216.5 
4l'217 
•15  218.3 

46  219.2 

47  220 . 1 

48  221 .0 
49 
50| 


222.3 


223.6 
52! 224. 5 

:^-).4 

.  ,  .  ..3 
227.2 
56  228 . 1 
229.0 
229.9 


57 
58 


143.5 
62144.3 
r,3  145.2 
64  146.1 
147.0 
147.9 
148.8 
149.7 
150.6 
151 .5 


73.1 
73.5 
74.0 
74.5 
74.9 
75.4 
75.8 
76.3 
76.7 
77.2 


211 
12 
13 


188.0 
lo8.9 
189.8 
14  190.7 
191.6 


15 
16 
17 
18 


20 


lj2.4 
153.3 
154.1 

74  155.0 

75  155.9 

76  156.8 

77  157.7 
158.6 
159.6 
160.4 


3 
7 

92.2 
9'?.  6 
93.1 
93.5 
94.0 
94.4 
94.9 
95.3 


192.5 
193.3 
194.2 
19  195.1 


196.0 


22 1 


77.6 
78. 1 
78.5 
79.0 
79.4 
79.9 
80.4 
80.8 
81.3 
81.7 


196 
197 
23198 
199 

200 
201 


24 

25 


.4 

27  202.3 


26 

a 

28 
29 
30 


.9 
.8 

1 

6 
5 


95.8 
96.2 
96.7 
97.2 
97.6 
98.1 
98 
99.0 
99.4 
99.9 


261 


59  230.8 
60 


231.7 


114.0 
114.4 
114.9 
115.3 
115.8 
116.2 
116.7 
117.1 
117.6 
118.0 


2:Vi.  Gil  18.5 


Gi2;i3.4 


63 
64 
65 
66 
67 


234.3 
235.2  119.9 


271 


73 
74 


236.1 
237.0 
237.9 

68  238.8 

69  239.7 
70 1'W.e 


1 18.9 
119.4 


120.3 

120.8 

121.2 

121.7^ 

122.1 

122.6 


:41 


5 

72  242.4 


243. 
244. 


75I245 
76  245 


203. 
204. 
204. 


231 

32 


205.8 
206.7 

33  207.6 

34  208 


35 
36 
37 
38 
39 
40 


100.3 
100.8 
101 .2 
101 .7 
102.1 
102.6 
103.1 
103.5 
0104.0 
104.4 


5 

209.4 
210.3 
211.2 
212.1 
213.0 
213.8 


Dep.'  Lat.  i  Dist.  Pep 


104.9 
105.3 
105. 8 
106.2 
106.7 
107. 
107.6 
108.0 
108.6 
109.0   

Lnl.  'iUist 


77 
78 
79 
80 


281 

82 


246 
247 
248 
249 


123.0 
123.5 
123.9 
124.4 
124.8 
125.3 
125.8 
126  2 
126.7 
127.1 


250 
251 


83  252.2 


84 
85 
06 
87 

8n 

89  257 

90  258 


.0 


253 

r>3 

234 
255 
256.6 


291 
92 


259 
260 


1 

0 
9 
8 
7 

.6 
,5 

1]127.6 
128.0 
128.5 
128.9 
129.4 
129.8 
130 
130 
131 
131 


8 


93  261.1 
94 

95  262 

96  263 

97  264 


98  265. 

99  266 
300  267.3 


132.1 
132.6 

133.  C 
133.5 
133. S 
1.34.4 

134.  ^ 

135.  ; 
41135.': 


136 


Lat. 


[For  63  Degreei 


44 


r 


TABLE  II. 
Diflbrcncc  of  Latitude  and  Departure  for  28 


'>  Degrees.  ^ 


Lnt. 

Dep. 

1  Lat. 

Dep. 

Di.st. 

Lai. 

1  Deu. 

!  61 

1  'I 

IIO6  R 
1  v  •  0 
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98  260 . 6 

99  261 .5 
300  262.4 


Dist 


Dep 


16.8 
17.3 
17.8 
18.3 
18.8 
19.3 
19.7 
20.2 
20.7 
21.2 


21 .7 
22  2 
22.7 
23.1 
23.6 
24  I 
24.6 
25. 1 
25.6 
26.1 

26X 

27.0 

27.6 

28.0 

28.6 

29.0 

29.4 

29.9 

30.4 

30.9 


31.4 
31.9 
32.4 
32.8 
33.3 
33.8 
34.3 
34.8 
35.3 
.35.7 


Mi  2 
36.7 
37.2 
37.7 
38.2 
;J8.7 
39 . 1 
.39.6 
W.l 
10.6 


41.1 

41.6 
42.0 
42.5 
43.0 
43.6 
44.0 
14.5 
45.0 
46.4 


Lat. 


[For  61  Deprees. 


Google 


46 


*  TABLE  II.  - 

Diflerence  of  Latitude  and  Departure  for  30  Degrees.  ^' 


D'lst. 

Lat. 

Dep.  1 

Dist. 

Dep.j 

Dist. 

Lnt. 

Dep.  ^ 

1 

00.9 

00.5 

61 

52.8 

30.5' 

121 

104.8 

60.5 

i> 

01 .7 

01 .0 

62 

53.7 

31 .0 

t  A  ^  M 

105.7 

t  A 

61 .0 

3 

02.6 

01.5 

63 

54.6 

31 .5 

23 

106 .5 

61 .6 

4 

03.5 

02.0 

64 

55.4 

32.0 

A  A 

24 

107.4 

62.0 

6 

04.3 

02.5 

65 

56.3 

32.5 

25 

AA  O 

108.3 

62.5 

C 

05.2 

03.0 

66 

57.2 

33.0 

26 

4  Aft  1 

109.1 

63.0 

7 

06.1 

03.5 

07 

68.0 

33 . 5 

AM 

27 

t  1  A  A 

1 10.0 

63.5 

8 

06.9 

04.0 

68 

68.9 

3t  .0 

28 

*   1  A  A 

110.9 

^  4  A 

64.0 

9 

07.8 

04.5 

69 

59.8 

3i.5 

29 

■  1  i  M 

111.7 

64.5 

10 

08. 7 

05.0 

70 

bO.6 

35.0 

30 

112.6 

^  ^  A 

65.0 

11 

09.5 

05.5 

71 

61 .5 

35.5 

131 

113.4 

65.5 

12 

10.4 

06.0 

72 

62.4 

36.0 

A  A 

32 

114.3 

66.0 

13 

11 .3 

06.5 

73 

63.2 

38.5 

33 

1 15.2 

6b.  5 

\\ 

12. 1 

07.0 

M  A 

74 

64. 1 

37.0 

34 

116.0 

M  A 

67.0 

15 

13.0 

07.5 

75 

6o.O 

37.5 

35 

1 16.9 

67.5 

16 

13.9 

08.0 

76 

65.8 

38.0 

36 

•  4  M  A 

1 17.8 

68.0 

17 

14.7 

08.5 

77 

66.7 

38 . 5 

37 

1 18.6 

68.5 

IH 

15.6 

09.0 

78 

67.6 

39. 0 

38 

119.5 

69.0 

rj 

16.5 

09.5 

79 

68.4 

39.5 

39 

%  AA  J 

120.4 

69.5 

20 

17.3 

10.0 

80 

69.3 

40.0 

40 

121 .2 

70.0 

"21 

18.2 

10.5 

81 

70.1 

40.5 

141 

122.1 

70.5 

22 

19.1 

11.0 

82 

71 .0 

41 .0 

42 

1 2.3 . 0 

71 .0 

19.9 

11.5 

83 

M  t  A 

71 .9 

41 .5 

43 

123.8 

71 .5 

24 

20.8 

12.0 

84 

72.7 

42.0 

44 

124.7 

72.0 

25 

21 .7 

12.6 

86 

73.6 

42.5 

45 

125.6 

72.5 

26 

S2.5 

13.0 

86 

74.6 

43.0 

46 

126.4 

73.0 

27 

23.4 

13.5 

87 

M  ^  A 

75.3 

43.6 

47 

127.3 

73. 5 

S3 

24.2 

14.0 

88 

76.2 

44.0 

48 

128.2 

74.0 

29 

26.1 

14.5 

89 

MM  « 

77. 1 

4'!.. 6 

49 

129.0 

74.5 

30 

26.0 

15.0 

90 

77. 9 

45.0 

50 

129.9 

75.0 

31 

26.8 

15.5 

91 

78.8 

45.6 

151 

130.8 

75.5 

32 

27.7 

16.0 

92 

79.7 

46.0 

52 

131 .6 

76.0 

33 

28.6 

16.5 

93 

80.5 

46.5 

53 

132.5 

76.5 

31 

29.4 

17.0 

94 

81 .4 

47.0 

64 

193.4 

77.0 

35 

30.3 

17.5 

M  m 

95 

82.3 

47.5 

65 

134.2 

77.5 

36 

31 .2 

18.0, 

96 

83. 1 

48.0 

66 

1 35 . 1 

MA  A 

78.0 

37 

32.0 

18.5 

97 

84.0 

48.5 

r  M 

57 

136.0 

70.5 

38 

32.9 

19.0 

98 

84.9 

49.0 

68 

136.8 

Ma  a 

79.0 

39 

33.8 

19.5 

99 

85.7 

49.5 

69 

V  AM  M 

137.7 

Mf  \  V 

79.  a 

"  40 

34.6 

20.0 

100 

86 .6 

50.0 

60 

138.6 

80.0 

41 

35.5 

20.5 

101 

87.5 

50.5 

161 

139.4 

80.5 

42 

36.4 

21 .0 

02 

88.3 

51 .0 

C2 

140.: 

81 .0 

43 

37.2 

21.5 

03 

89.2 

61 .5 

63 

141.2 

81 .6 

44 

38. 1 

22.0 

04 

90.1 

52.0 

64 

142.0 

82.0 

45 

39.0 

22.5 

05 

90.9 

62.5 

65 

142.9 

82.6 

46 

39. 8 

23.0 

06 

91 .8 

63.0 

66 

143. { 

83.0 

47 

40.7 

23.5 

07 

92.7 

63.5 

67 

144.6 

83.6 

48 

41 .6 

24.0 

08 

93.6 

64.0 

68 

146.5 

34.0 

49 

42.4 

24.5 

09 

94.4 

64.5 

69 

146.4 

84. 5 

50 

43.3 

36.0 

10 

95.3 

56.0 

70 

147.2 

85.0 

61 

44.2 

25.5 

111 

96.1 

65.5 

171 

148.1 

85.5 

62 

45.0 

.40  .0 

12 

97.0 

56.0 

72 

1 49 . 0 

86  .0 

53 

45.9 

26.5 

13 

97.9 

56.5 

73 

149.8 

86.6 

54 

46.8 

27.0 

14 

98.7 

57.0 

74 

150.7 

87.0 

65 

47.6 

27.5 

15 

99.6 

57.5 

75 

151.6 

87.5 

56 

48.5 

23.0 

16 

100.5 

68.0 

76 

152.4 

88.0 

67 

49. 4 

28.5 

17 

101.3 

68.6 

77 

153.3 

88.5 

58 

50.2 

29. 0 

18 

102.2 

59.0 

78 

154.2 

89.0 

59 

51.1 

29.5 

19 

103.1 

69.5 

79 

155.0 

89.5 

60 

52.0 

30.0 

20|103.9 

60.0 

80 

155.9 

90.0 

Dist.l  Dep. 

1  Lnt 

Dist.l  Dep. 

Lat. 

Dist. 

Dep. 

Lat. 

Dist.i  Lat.  I  Dep. 


181 

82 
83 
84 
86 
86 
87 


88  162.8 


89 


90  161.. 5 


191 

92 
93 
94 
95 
96 
97 
98 
99 
200 


201 
02 


03175 


04 


05  177 


06 


07  179 


08 
09 


21 


13 
14 
15 
16 
17 
18 
19 


22 
23 


25 
26 


27 

28 


23 


56.8 
57.6 
58.5 
59.3 
60.2 
61.1 
61.9 


163.7 


9i>.5 
91.0 
91.5 
92.0 
92.5 
93.0 
93.5 
94.0 
94.5 
95.0 


Dist.  Lat.  I  Dep. 


165.4 
166.3 
167.1 
160.0 
168.9 
169 
170 
171 
172.3 
173.2 


174. 
174 


176.7 


178 


180 
181 
lOilBl. 


100.5 
101.0 
101.6 
102.0 
6102.5 
4103.0 
3 103.5 
104.0 
104.5 
105.0 


182 


121183 
184 


185 
186 
187. 
187. 
188. 
189. 
201190. 


191. 
192. 
193. 
241194. 


194. 
195. 
196. 
197. 

29  198. 

30  199.2 


241 


95.5 
96.0 
96.5 
97.0 
97.5 
98.0 
98.5 
99.0 
99.5 
100.0 


105.5 
106.0 
106 
107.0 
107.5 
108. 
108. 
109. 
109. 
110. 


110.5 
111.0 
111.5 
112.0 
112.5 
113.0 
113.6 
114.0 
114.5 
115.0 


200 

32  200 

33  201 .8 

34  202 
36  203.5 

36  204.4 

37  205.2 

38  206 . 1 

39  207.0 

40  207.8 


Di5t.l  Dep. 


115.5 
116.0 
116.6 
117.0 
117.5 
118.0 
118.6 
119.0 
119. 5 
120.0 


LaL 


42209. 
43210. 
44211. 
45  212. 


46 


47  213 

48  214 


49 


251 
6* 

63 


208.71120.5 


213 


215 


60216.6 


121.0 
41121.5 
122.0 
122 
123 
123 
124 
124.5 
126.0 


3 

2 

0 
9 
8 
6 


217 

218. 
219. 


220. 
221 . 


64|220. 
65 
66 

67  222 

68  223 
69224 
60 


125 
126 
126 
127 
127 
128.0 
128.5 


.5 
.0 
.5 

.0 
.5 


261 

6*^ 


63  227 
64228 
66  239 

66  230 

67  231 

68  232 

69  233 

70  233 


281 
83 

83 


4|129.0 
129.6 
130.0 


226 
«2n 


1 


.0 

.8 


271234. 
72  336. 


01130.5 
131.0 
131.5 
6132.0 
132.5 
.4133.0 
133.5 
134. Q 
154.6 
135.0 


73  236 

74  237.3 


7136.5 
6136.0 
41136. 5 
137.0 


76  238.2  137.5 


76  239. 

77  239. 

78  240. 

79  241 

80  242 


01138.0 
9|l38.5 
139.0 
139.6 
140.0 


243 

244. 

245 


84  246 
86  246 
86  247 
87^40 

88  249 

89  250 

90  251 


291 


1 


252.0 


143.5 
146.0 

146.6 
147  0 
147.5 
148.0 
148.6 
149.0 
149.6 
150^ 

Dist.'  Dep  iTat 


92252 
93  253.7 
94|2.*>4.6 
95  255 
266.3 

97  257.2 

98  258 . 1 
258.9 
2.-,9 


99 
300 


140.5 
141 .0 
141.6 
142.0 
142.6 
143.0 
143-5 
41144.0 
1U.5 
145.0 


[For  60  Degrees. 
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TABLE  II. 


Diffexence  of  Latitude  and  Departure  for  31  Degrees. 

TJisT 


Dkt. 

Lat. 

Dep. 

L&t. 

Dep. 

{Dist. 

Lat. 

Dep. 

I 

00.9 

00.5 

61 

52.3 

31  .4 

121 

103.7 

62.3 

i 

01.7 

01.0 

62 

53.1 

31.9 

22 

104.6 

62.8 

3 

02.6 

01.5 

63 

M  O,  32.4 

23 

105.4 

63.3 

4 

03.4 

02.1 

64 

fid.  0 

24 

106.3 

63. 9| 

5 

04.3 

02.6 

65 

OO .  1 

oo .  o 

26 

107.1 

64.4 

6 

05.1 

03.1 

66 

56.6 

34.0 

26 

108.0 

64.9 

7 

06.0 

03.6 

67 

57.4 

34.51 

27 

108.9 

66.4 

8 

06.9 

04.1 

68 

68.3 

35.0 

28 

109. 7 

65.91 

9 

07.7 

04  >6 

69 

69.1 

35.5 

29 

110.6 

66.4 

10 

08.6 

05.2 

70 

60.0 

36.1 

30 

111.4 

67.0 

11 

09.4 

05.7 

71 

•JO  .  o 

131 

112.3 

67.5 

12 

10.3 

06.2 

72 

61  7 

<7  f  .  I 

32 

113.1 

68.0 

13 

11.1 

06.7 

73 

62  6 

VI  fi 

V  I  .  U 

33 

114.0 

68. 5 

14 

12.0 

07.2 

74 

OO  .  I 

34 

114.9 

69.0 

15 

12.9 

07.7 

75 

oo  •  V 

35 

116.7 

69.5 

16 

13.7 

08.2 

76 

65.1 

39.1 

36 

116.6 

70.0 

17 

14.6 

08.8 

77 

66.0 

39.7 

37 

117.4 

70.6 

18 

15.4 

09.3 

78 

66.9 

40.2 

38 

118.3 

71.1 

19 

16  3 

09.8 

79 

67.7 

40.7 

39 

119.1 

71.6 

20 

17.1 

10.. J 

80 

68.6 

■ 

41.2 

40 

120.0 

72.1 

21 

18.0 

10. U 

81 

<il  7 

141 

120.9 

72.6 

22 

18.9 

11.3 

82 

70  ^ 

42  2 

42 

121.7 

73.1 

23 

19.7 

11.8 

83 

71  1 

4.2  7 

43 

122.6 

73.7 

24 

20.6 

12.4 

84 

72  n 

.  o 

44 

123.4 

74.2 

25 

21.4 

12.9 

85 

72  Q 

4T  R 

45 

124.3 

74.7 

26 

22.3 

13.4 

86 

73.7 

44.3 

46 

125.1 

75.2 

27 

23.1 

13.9 

87 

74.6 

44.8 

47 

126.0 

75.7 

28 

24.0 

14.4 

88 

75.4 

45.3 

48 

126.9 

76.2 

29 

24.9 

14.9 

89 

76.3 

45.8 

49 

127.7 

76.7 

30 

25.7 

15.5 

90 

77.1 

46.4 

50 

128.6 

77.3 

31 

26.6 

16. U 

91 

J.fi  Q 

151 

129.4 

77.8 

32 

27.4 

16.5 

92 

7ft  4 

17  4. 

52 

130.3 

78.3 

33 

28.3 

17.0 

93 

79  7 

4,7  Q 

53 

131.1 

78.8 

34 

29.1 

17.5 

94 

80  R 

4Ji  4. 

54 

132.0 

79.3 

36 

30.0 

18.0 

95 

55 

132.9 

79.8 

36 

30  9 

18.5 

96 

82.3 

49. 4 

56 

133.7 

80.3 

37 

31.7 

19. 1 

97 

83.1 

50.0 

67 

134.6 

80.9 

38 

32.6 

19. C 

98 

84.0 

50.5 

68 

135.4 

81.4 

39 

33.4 

20.1 

99 

84.9 

51.0 

59 

136.3 

81.9 

40 

34.3 

20. 6 

100 

85.7 

51 .5 

60 

137.1 

82.4 

41 

85  I 

21.1 

101 

161 

138.0 

82.9 

42 

36.0 

21.6 

87  A 

A2 

62 

138.9 

83.4 

43 

36.9 

22.1! 

03 

oo .  o 

63 

139.7 

84.0 

44 

37.7 

22.7 

04 

53  6 

64 

140.6 

84.5 

45 

38.6 

23.2 

05 

•/Tf  .  I 

65 

141.4 

85.0 

46 

39.4 

23.7 

06 

90.9 

54.6 

66 

142.3 

85.5 

47 

40.3 

24.2 

07 

91.7 

55.1 

67 

143.1 

86.0 

48 

41.1 

24.7 

08 

92.6 

55. C 

68 

144.0 

86.6 

49 

42.0 

25.2 

09 

93.4 

56.1 

69 

144.9 

87.0 

50 

42.9 

25.8 

10 

94.3 

56.7 

70 

145.7 

87.6 

51 

43.7 

26.3 

111 

96.1 

57.2 

171 

116.6 

88.1 

53 

44.6 

26 .8 

Iz 

96.0 

57.7 

72 

1 A1  A 

RA  fi 

63 

46.4 

27.3 

13 

96.9 

58.2 

73 

148.3 

89.1 

54 

46.3 

27.8 

14 

97.7 

58.7 

74 

149  1 

89.6 

55 

47. 1 

28.3 

15 

98.6 

59.2 

75 

160.0 

90.1 

56 

48.0 

28.8 

16 

99.4 

59.7 

76 

150.9 

90.6 

67 

48.9 

29.4 

17 

100.3 

60.3 

77 

161.7 

91.2 

58 

49.7 

29.9 

18 

101  1 

60.8 

78 

152.6 

91.7 

59 

50.6 

30.4 

19 

102.0 

61. 3| 

79 

153.4 

92.2 

60 

51.4 

30.9 

20 

102.9 

61. 8| 

80 

164.3 

92.7 

ibist. 

Dep. 

Lat. 

Uisl. 

Dep. 

Lat.  liDist. 

Lilt. 

155.1 
0 

156.9 
157.7 
158.6 
159  4 
160.3 
161.1 
0 

162.9 


Dist.  Lat 


05  175.7 


14183 


189. 
190. 
191. 
14192 
25  192 
193 
194 
195. 

29  196, 

30  197, 


4113.8 
3114.3 
114.9 
115.4 
115.9 
116.4 
116.9 
4117.4 
3117.9 
1  118.5 


198. 
198 

33  199. 

34  200. 

35  201 

36  ZO^ 

37  203 
38 


119.0 
119.5 
120.0 
120.5 
121.0 
121 .5 
122.1 


204.0jl22.6 
204.9  123.1 
40  20j.7'12S.6 


Dist. 


Dep.'  Lat. 


206. ( 
207. 
43  308. 


48212.1 
49  213.' 
60214.3^ 


251 
52 

63  216 


215.1 
1216.0 
9 

217.7 
218.6 
219.4 
67  220.3 

58  221.1 

59  222.0 

60  222.9 


261  223.7 
62  224.6 


65 

66  228 

67  228 

68  229 

69  230. 
70 


271  232, 

72  233 . 

73  234. 

74  234. 
76  235. 

76  236. 

77  237, 
78 

79  239. 

80  24a. 


281 
82 

83  242 

84  243, 
86  244. 

86  245, 

87  246 

88  246 
89 


249.4 
250.3 

93  251 .2 

94  252.0 
252.9 
253.7 
254. 6 
255  .4 

99  256.3 
300|257 . 1 

Dist' 


Dep. 


Lat. 


59  Degrees. 


48 


TABLE  II. 

Difierence  of  Latitude  and  Departure  for  32  Degrees. 


DisL 

Lat. 

Dep.  1 

DLst. 

Lat. 

Dcp 

Dist. 

Lat. 

I 

00.8 

00.5 

(il 

51.7 

nt.3 

121 

102.6 

01.7 

01.11 

6t 

62.6 

32.9 

103.5 

3 

02.6 

01.6 

63 

b'3.4 

2)  4 

23 

104.3 

4 

03.4 

02.1 

64 

54.3 

33.9 

24 

105.2 

5 

04.2 

02.0 

65 

55. 1 

34.4 

25 

106.0 

G 

05.1 

03.2 

66 

66.0 

35.0 

26 

106.9 

7 

05. 9 

03.7 

67 

56.8 

35.5 

27 

107.7 

8 

06.8 

04.2 

68 

57.7 

36.0 

28 

108.6 

9 

01-6 

04.8 

69 

53.5 

36.6 

29 

109.4 

10 

08.5 

05.3 

70 

59.4 

37.1 

30 

110.2 

09.3 

05.8 

71 

60.2 

37.6 

131 

111.1 

I? 

10,2 

06.4 

72 

61.1 

38.2 

32 

111.9 

13 

11.0 

06. 9| 

73 

61.9 

38.7 

33 

112.8 

14 

11.9 

07.4! 

74 

62.8 

39.2 

34 

113.6 

15 

12.7 

07.9: 

75 

63.6 

39.7 

35 

114.5 

16 

13.6 

08. 5! 

76 

64.5 

40.3 

36 

115.3 

17 

14. 4 

09.0 

77 

65.3 

40.8 

37 

116.2 

18 

15.3 

09.51 

78 

66.1 

41.3 

38 

117.0 

19 

16.1 

10. 1 

79 

67.0 

41.9 

39 

117.9 

20 

17.0 

10.6 

 1 

80 

67.8 

42.4 

40 

118.7 

21 

17.8 

111 

81 

68.7 

42.9 

141 

119.6 

18.7 

11.7 

82 

69.5 

43.5 

4-: 

120.4 

23 

19.5 

12. 2 

83 

70.4 

44.0 

43 

121.3 

24 

20.4 

12.7, 

84 

71.2 

44.5 

44 

122.1 

25 

21.2 

13.21 

85 

72.1 

45.0 

45 

123.0 

26 

22.0 

13.8 

86 

72.9 

45.6 

46 

123.8 

27 

22.9 

14.3 

87 

73.8 

46.1 

47 

124.7 

28 

23.7 

14. 8{ 

88 

74.6 

46.6 

48 

125.6 

29 

24.6 

15.4; 

89 

75.5 

47.2 

49 

126.4 

30 

25.4 

15.9' 

90 

76.3 

47.7 

50 

127.2 

31 

26.3 

16. 4| 

91 

77.2 

48.2 

151 

128.1 

32 

27.1 

17.0 

92 

78.0 

48.8 

62 

128.9 

33 

28.0 

17.5' 

93 

78.9 

49.3 

53 

129.8 

34 

28.8 

18.0 

94 

79.7 

49.8 

64 

130.6 

35 

29.7 

18.5, 

95 

80.6 

60.3 

66 

131.4 

36 

30.6 

19. 1 

96 

81.4 

60.9 

56 

132.3 

37 

31.4 

19.(1 

97 

82.3 

51.4 

57 

133.1 

38 

32.2 

soil 

98 

83.1 

61.9 

68 

134.0 

39 

33.1 

20.71 

99 

84.0 

52.6 

59 

134.8 

40 

33.9 

21.2 

100 

84.8 

53.0 

60 

135.7 

41 

34.8 

21. 7| 

101 

86.7 

63.6 

161 

136.5 

42 

35.6 

22.3 

02 

86.5 

54.1 

62 

137.4 

43 

36.5 

22. 8| 

03 

87.3 

54.6 

63 

138.2 

44 

37.3 

04 

88.2 

55.1 

64 

139.1 

45 

38.2 

23.8 

05 

89.0 

55.6 

65 

139.9 

46 

39.0 

24.4 

06 

89.9 

56.2 

66 

140. S 

47 

39.9 

24.9 

07 

90.7 

56.7 

67 

141.6 

48 

40.7 

25.4 

08 

91.6 

57.2 

68 

142.6 

49 

41 .6 

26.0" 

09 

92.4 

57.8 

69 

143.3 

50 

42.4 

26.5 

10 

93.3 

58.3 

70 

144.2 

bl 

43.3 

27.0 

111 

94.1 

58.8 

171 

145.0 

52 

27.6 

12 

95.0 

59.4 

72 

145.9 

53 

44.9 

28.1 

13 

95.8 

69.9 

73 

146.7 

54 

46.8 

38.6, 

14 

96.7 

60.4 

74 

147.6 

55 

46.6 

29.11 

15 

97.5 

60.9 

75 

148.4 

..6 

47.5 

29.7 

16 

98.4 

61.6 

76 

149.3 

hi 

48.3 

30.2 

17 

99.2 

62.0 

77 

150.1 

58 

49.2 

30.7 

18 

100.1 

62.5 

78 

151.0 

.>9 

50.0 

31.3 

19 

100.9 

63.1 

79 

151.8 

GO 

50.9 

31 .8 

20 

101.8 

63.6 

80 

152.6 

Dep. 

Lat. 

Dist. 

Dep. 

Lai. 

iDist. 

Dep. 

86.3 

85.8 

86.4] 

86.9 

87.4 

83.0 

88.5 

89.0 

89.6 

90.1 


90.6 
91.1 
91.7 
92.2 
92.7 
93.3 
93.8 
94.3 
94.9 
95.4 


Dist.  Dep 


246 . 8 
^-247.6  154.7 
93243.5  155.3 
94  249.31166.8 
951250  5,156.3 
96S61.qi56.9 

97  251 .9,157  .4 

98  252.71157.9 
991253.6,158.4  . 

::54.4|  159.0 

Dcji.'~L»a.  "i 


[F'or  58  Degrees. 


y^iyiiizod  by  Gocjgle 


TABLL  II. 

OHfbmcc  of  Liititiide  woA  Dcpwtnrc  for  33  0€  greet* 
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t>ht. 

Lat. 

Uep 

Dwt 

Lat. 

Dep.  1 

1 

1  00.8 

00.6 

61 

51 .2 

33.2 

1211 

01.7 

01 . 1 

62 

52.0 

33.8 

221 

s 

1  Ot.6 

01.6 

63 

62.8 

34.3 

23' 

4 

1  03.4 

02.2 

64 

63.7 

34.9 

24 

5 

1  04.2 

02.7 

6:» 

54.5 

35.4 

26 

6 

05.0 

03.3 

66 

56.4 

3d.  9 

26 

7 

,  05.9 

03.8 

67' 

66.2 

36.5 

27 

8 

1  06.7 

04.4 

68' 

67.0 

S7.Q 

S8l 

p 

07.5 

04. '1 

'I'l 

57  9 

37  6 

29' 

i 

1  OH.V 

05  1 

7ti 

.■).'; ,  7 

.;n 

oy  " 

06 .0 

7  1 

if  77  •  O 

1  i  1 

If 

10  I 

06  h 

f  i 

3Q  2 

■  13 

07  1 

f  o 

61  9 

39  H 

:  14 

11  7 

07  6 

74 

6'^  1 

40  3 

14 

1  15 

12  6 

1  o 

04  .  if 

40  R 

6 

1  7 

08  7 

#  i> 

DO  •  1 

41  4 

oo 

14  3 

09  'l 

1 1 

yyt .  o 

O  1 

•  8 

16.1 

09  8 

*  o 

49  Ft 

oo 

t  9 

159 

10.3 

nr.  'K 

1  20 

10. 'J 

80 

67.1 

4:J  .  (". 

40 

21 

17.6 

11.4 

81 

Ii7  Q 

yt  §  •  J 

44  1 

141  < 

18.6 

IS.O 

H2 

44  7 

42 

S3 

MTV 

19.3 

12.5 

83 

69  6 

45  2 

24 

to.i 

13.1 

84 

70.4 

45  7 

S5 

21.0 

13.6 

86 

71.3 

46.3 

26 

21 .8 

14.2 

8f5 

72.1 

46.8 

46' 

£7 

22.6 

14.7 

87 

73.0 

47.4 

18 

23.6 

16.2 

88 

73.8 

47.9 

48 

2!> 

24.3 

15.8 

89 

74 . 6 

48.5 

49 

.10 

25 . 2 

1  16.3 

'JO 

75.5 

49.0 

1  50 

26.0 

16.9 

91 

76.3 

49.6 

151 

26.8 

17.4 

92 

77.2 

60. 1 

62 

27.7 

18.0 

9J 

73  .0 

50.7 

53 

34 

28.6 

18.6 

94 

78.8 

51 .2 

54 

29  4 

19.1 

95 

79.7 

51 .7 

66 

30.1 

19.6 

96 

80.6 

62.3 

37 

81 .0 

20.2 

97 

81 .4 

52.8 

67 

38 

31 .9 

20.7 

98 

82.2 

53.4 

68 

32.7 

21.2 

99 

83.0 

63.9 

69 

40 

33.5 

21.8 

100 

83.9 

64.5 

60 

41 

34.4 

22.3 

101 

;;4.7 

55  0 

161 

42 

36.2 

22.9 

02 

85.5 

55.6 

62 

43 

36.1 

23.4 

03 

86.4 

66.1 

63 

1.1 

36.9 

24 . ' ) 

01 

•ji 

5G  6 

64 

45 

37.7 

24  .  » 

()■) 

88.  I 

57.^ 

65 

46 

38.6 

26. 1 

0<) 

88.9 

67.7 

66 

47 

39.4 

26.6 

07 

89.7 

58.3 

67 

48 

40.3 

26.1 

08 

90.6 

68.8 

68 

41 . 1 

26.7 

09 

91.4 

69.4 

69 

50 

41.9 

27.2 

10 

92.3 

69.9 

70 

61 

42.8 

27.  a 

111 

93. 1 

'.0  5 

171 

62 

43.6 

28.3 

12 

93.9 

61. 0 

72 

53 

44.4 

28.9 

13 

94.8 

61.6 

73 

64 

46.3 

29.4 

14 

95.6 

62  1 

74 

55 

46.1 

30.0 

16 

96.4 

62. D 

7.M 

66 

47.0 

90.6 

16 

97.3 

63.2 

76| 

67 

47.8 

31 .0 

17 

98.1 

63.7 

771 

68 

4^.6 

31.6 

J8 

99.0 

64.3 

78, 

69 

4J.5 

32.1 

19 

99.8 

64.8 

79 

1  SO 

60.3 

32.7 

20 

100.6 

66.4 

80f 

Dep.! 

LaL 

Dist. 

Dep. 

Lat. 

Dist 

Dep.  ;  Di>t. 


84  164 


88167 


2.V 


9616S 


.7  1  2 


7i9f.O 

6  92.6  30192 


Dep. 


8'  98  .6 

6  99 
.6|  99.7 
3'l00.2 

.2  l(»U.8 
.0  101 .3 
,8,101.8 
.7{l02.4 

.5  102.9 

3  kk  ;  5 


||Dirt. 


2411202. t 


4: 
4;t 

44 
45 

M 


.i.lU-k.o 

.0104.6 
9105 

.7  105.7 
6106.2 
4106.7 
2107.3 
1 107.8 
9  108 

.7  108  !» 


}8.6ilU9.d 
021169. 4{l  10.0 
?n  .5 1 10. r. 
04|l71.  Ill  11.1 
06|l7].9jlll.7 
72.8111.2 
73.6112.7 
74  4  113.3 
75.3  113.8 
76.  VI 14. 4 


211  177 


0,114.9 
81115.6 
6 116.0 
116.6 
117.1 
2117.6 
.0  118.2 
.8ill8.7 
119.3 
119.8 


18  J 
221186. 


3  I  JO  4 
2  120.91 
.0  121. .<i| 
.9  122.0 
.7  122.5 
.5123 
4123.6 
.2124.2 
1  124.7 
9 126.3 


4>l 


tat. 


203 
203 

204 

206 

206 


l>ep. 


47  207  2 


;o8 


49  208 
60  209 


131.3 
0131.8 
8132.3 
<|l9f.9 

1.3:? 

\.\h 

135 
71136 


:5i  210 

52  211 

531212 


64 
65 


67 


213 
213 


66  214 


215 


68  216 

-,9  217 
60  218 


63 


6136.7 

3 137.2 
2il37  8 
0 138.3 
.9|l38.9 
7' 1.39. 4 
.6  140.0 
.4140.6 
.2 141.1 
.1  141.6 


261  218 
62  219 


220 


641221 
65222 
66'223 
67I223 
68*224 

69  226 

70  226 


271  227 
72248 
73229 
74;229 
751230 
76i231 

77  232 

78  233 

79  234 
80234 


9 142.2 
7 142.7 

,6  1  M  2 
4^143.8 
.2I144.3 

I  I  n  ' 

.9|14u.4 
8146.0 

6  146.5 

.3  147.6 


148.1 

148.7 
1 49 . 2 
61 1 49 .  H 
5I15O  5 
31 1 50 . 9 
2)151.4 
0 162.0 
8|l52.5 


2J!1  2.5.) 
82 
83 


193.7  1 2j. 8 
194.6  126.4 
331196.4126.9! 


36(197.9 

;i7ll'.'3.8 
38|  199.0 
39'200 . 4 


291 

92 

93  246 


94 

96  247 


96  248 


127.4 
I  128.0 
128.6 
129.1 

129.6 

130.2 

.ur2oi  ...;i.;f»  

DUt.l  Dep.*l#riit)i«tJ  Dep.  t  iM. 


97 

9(J 
99 

30(1 


7'!  .,.! ,( 
•2.J«.5Jl.j3.t) 

2.'n..j  I  'j.i 
J  1  7 

01 155.  a 
9I155.8 

7;i.i6..T 

6^166.9 

«ia7.4 

21167.9 


y.v:  i:; 

85  239 

86  239 

87  240 

88  241 
891141 
901243 


244.1  158.6 
244.9  159.0 
.7|I69.6 

ilh  (.  I'lO  I 
4jib0.7 
21161.1 

1  161  .8 


219. 

lli2.3 
'2a0!:j  162.8 
.6  163.4 


[For67Dtimr 


1^ 
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TABLE  II. 

Difference  of  Latitude  aiid  Departure  for  34  Degrees. 


Dut. 

Lat. 

Dep. 

Dist. 

Lat. 

1 

00.8 

00.6 

Gl 

50.6 

t 

01 .7 

01 . 1 

62 

51 .4 

9 

02.5 

01 .7 

63 

52.2 

4 

03.3 

02.2 

64 

63. 1 

5 

04. 1 

02.8 

65 

53.9 

6 

05.0 

03.4 

66 

64.7 

7 

05.8 

03.9 

67 

65.6 

8 

06.6 

04. 5 

63 

66.4 

9 

07.5 

05.0 

69 

57.2 

10 

08.3 

06.6 

70 

58.0 

"~n 

09.1 

06.2 

71 

58.9 

IS 

09. 9 

06.7 

72 

59.7 

13 

10.8 

07.3 

73 

60.5 

14 

11.6 

07.8 

74 

61 .3 

15 

12.4 

08.4 

75 

62.2 

16 

13  3 

08.9 

76 

63.0 

17 

14.1 

09.5 

77 

63.8 

18 

14  9 

10.1 

78 

64. 7 

19 

15. 8 

10.6 

79 

66. 6 

20 

16.6 

11  .2 

80 

66-3 

21 

17.4 

11.7 

81 

67.2 

22 

18.2 

12.3 

82 

68.0 

23 

19. 1 

12.9 

83 

68.8 

24 

19. 9 

13.4 

84 

69.6 

25 

20.7 

14.0 

85 

70.5 

26 

21 .6 

14.5 

86 

71 .3 

27 

22.4 

15.1 

87 

72.1 

28 

23.2 

15.7 

88 

73.0 

29 

24.0 

16.2 

89 

73.8 

30 

24.9 

16.8 

90 

74.6 

31 

25.7 

17.3 

91 

75.4 

32 

26.5 

17.9 

92 

76.3 

33 

27.4 

18.5 

93 

77.1 

34 

28.2 

19. 0 

i 

77.9 

35 

290 

19.6 

96 

78.3 

36 

29.8 

20.11 

96 

79. 6 

37 

30.7 

20.7 

97 

80.4 

38 

31.5 

21.2 

98 

81.2 

39 

32. 3 

21. 8| 

99 

82. 1 

40 

33  2 

22.4 

100 

82.9 

41 

34.0 

22.9 

101 

83.7 

42 

34.8 

23.5 

02 

84.6 

43 

35.6 

24.0 

03 

85.4 

4-1 

36.6 

24.6 

04 

86.2 

45 

37.3 

£3.2 

06 

87.0 

46 

38.1 

25.7 

06 

87. 9 

47 

39. 0 

26. 3| 

07 

88.7 

48 

39.8 

ln1i 

08 

89. 5 

49 

40.6 

27.4 

09 

90.4 

50 

41 .5 

28.0 

10 

91 .2 

51 

42.3 

is. 5 

111 

92.0 

52 

43. 1 

29. 1 1 

12 

92.9 

53 

43.9 

29.6 

13 

93.7 

54 

44.8 

30.2 

14 

94.6 

55 

45.6 

30.8 

16 

96  3 

56 

46.4 

31.3 

16 

96.2 

57 

47.3 

31.9 

17 

97.0 

58 

48.1 

32.4 

18 

97.8 

59 

48.9 

33.0 

19 

98.7 

60 

49.7 

33.6 

20 

99.6 

DiaU 

lD«p. 

Lat. 

iDist.  Dep. 

Dep. 


34.1 
34.7 
35.2 
36.8 
36.3 
36. 
37. 
38.0 
38.6 
39.1 


Dist. I  Lat.  I  Dep. 


121 
22 


100 
101 
23102 
24  102. 

26  103. 

26  104. 

27  106. 

28  106. 

29  106. 

30  107. 


,3|  67.7 
.l|  68.2 
Oj  68  .8 
81  69.31 
6l  69.9 
70.6 
71 .0 
71.6 
72.1 
72.7 


39.7 
40. 3i 
40.81! 
41. 4|' 

41.9; 

42.5 
43.1 
43.6 
44.2 
44.7 


131|108. 
32' 109. 
33'll0. 
34111. 


35 
36 


111. 
112. 
37  113. 
381114. 
691116. 
401116. 


45. 3| 

46.9 

46. 4i 

47.0, 

47.6 

48.l|i 

48.6! 

49.2 

49.8 

50.3, 


14Ijll6.l 
42ill7.' 
43  118.1 
44!ll9.' 
451120.! 
46  121. ( 
47;i21.! 
43'122.' 
491123. J 
.M);124.< 


73.3 
73.8 
74.4 
74.9 
76.5 
76. r 
76.6 
77.2 
77.7 
78.3 


78 

.8 

79 

.4 

80 

.0 

80 

.5 

81 

1 

81 

.6 

82 

19 

82 

o 
O 

H3 

83 

9 

50.9 
51.4 
62.0 
62.6 
53.1 
53.7 
54,2 
54.8 
55. 4i; 

^5.9|i 

57.0; 

57.61' 

58. 2j! 

58.7' 

69.3 

59.8 

60.4 

61.0 

61.5 


126 

126. 

127 

128 

129. 


62.1 
62.6 
63.2 
63.7 
64.3 
64.9 
66.4 
66.0 
66.6 
67.1 


62 
63 
64 
66 
56 

67ll30 
68,131 
69|131 
60|132 

16lll33. 
62134. 

63!l35. 
64'I36. 
65il36. 
66,137. 
67ll38. 
68139. 
691140. 
70|140. 


81.4 
85.0 
85.6 
86.1 
86.7 
«7.2 
87.8 
88 
88 
89 


Dist.  Lat. 


6;  90 
3|  90, 
li  91 

Oi  91. 

n 


0 
6 
1 
7 

92.3 
6l  92.8 
4|  93.4 
Sl  93.9 
l!  94.6 
9)  95.1; 


17l!l41.8l  96.6 
72142 
73143. 


74  144 


75 


76146 


77 
78 


.6 
.4 


146. 


146. 
147. 
79  148. 
80149. 


96.21 
96.71 
97.31 
97.9. 
98. 4| 
99.01 
99.5 
100.1 
100.7 


181  150. 1 
82  130.9 
83161.7 
84152.5 
86163.4 
86  164.2 
165.0 
165.9 
156.7 
157.6 


87 
88 
89 
90 


Dep. 


Dist 


191  158.3; 

92  159.21 

93  160.0{ 

94  160.81 
95'l6l.7i 
96'162.6| 
971163. 3 

98  164.1 

99  165. ol 
200  165.8 


201  166.6^ 


02 
03 
04 
05 
06 
07 
08 
09 
10 


211 


12 
13 
14 
15 
16 


167.5 
168.3 
169.  I< 
170  0 
170.8 
171.6 
172  4 
173.3 
174.1 


174.9 
175.8 
176.6 
177.4 
178.2 
179.1 
17il7g.9 
18)180.7 
191181.6 

2o:iy2.4| 


221 

22 


183.2) 
184.0 
231184.9 
241186.7 
25I186.6 
187.4 
188.2 
189.0 


26 
27 
28 


29  189.8 


30 


231 

32 

33 
34 
35 
36 
37 
38 


40 


Lat.  Dist.  Dep.  Lat.  'iPist.  Pep 


190.7: 


191.5 
192.3 
193.2 
194.0 
194.8 
195.7 
196.6 
197.3 


39  198.1 


199.0 


01.2 
01.8 
02.3 
02.9 
03.5 
04.0 
04.6 
06.1 
05.7 
06.21 


06.8 
07 
07 
08 
09 
09 
10 
10.7 
11.3 
11.8 


12.4 

13.0 

13.5 

14.1 

14.6 

16.2 

16.8 

16.3|i 

16.9 

17.4 


18.0 
1^.6 
19.1 
19.7 
20.2 
20.8 
21.3 
21.9 
22.6 
23.0 


23.6 
24.1 
24.7 
26.3 
25.8 
26.4 
26.9 
27.6 
28.1 
28.6 


29. 
29. 
30. 
30. 
31. 
32.0 
32.6 
33.1 
39.6 
34.2 


Lat. 


241 


42  200. 

43  201. 
202. 

45  203. 

46  203 

47  204 

48  206 

49  206 
60  207 


Lat. 


199.8 


Dep. 


134.8 
6 135. 3 
5135  9 
3136.4 
137.0 
137.6 
138.1 
6|i98.7 
4139.2 
3139.8 


251  208 

52208 
53209 

54  210 

55  211 
561212 
57213 
58213 
69  214 
60  216 


1  140.4 
140. 9 
.7141.6 
142.0 
6 
2 

143.7 
144.3 
144. 8 
146.4 


4142. 
2149. 

.1 
.9 


261216 
62217 
69218 
64  218 
66219 

66  220 

67  221 

68  222 

69  229 

70  229 


4146 

2 


.9 
146.6 
0(147.1 
9147.6 
7148.2 
51148.7 
4)149.9 
2149.9 
0150.4 
8 161.0 


271  224. 
72225. 
79226. 
74  227. 
75228. 

76  228 

77  229 

78  290 

79  231 
80232 


83 
84 


87 
88 


161 
152 
9  152 
159 


0 159.8 
8 154.9 
.6154.9 
.6  155.5 
.3156.0 
.1  156.6 


281  299.0 
82  299.8 

234.6 
235  i 


85  236.3159.4 


86  237.1 


237.9 
298.8 


89  299.6 


90  240.4162.2 


291  241.2  162.7 
92242.1  169.9 
99  242.9  169.8 

94  243.7164.4 

95  244.6  165.0 

96  245.4165.6 

97  246.2  166.1 

98  247.1  166.6 

99  247.9  167.2 
300  248.7  167.8 


iDijt. 


Dep. 


157.1 
157.7 
158.9 
158.8 


159  9 
160.5 
161.0 
161.6 


Lat. 
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TABLE  U. 

Difference  of  Latitude  and  Departure  lor  35  Degrees. 


Hist. 

1  U( 

Dep. 

Dist. 

Lat. 

1  Dep. 

Dist. 

Lat. 

Dep.  t 

DUl. 

Lat. 

Dep. 

Dist  J 

Lat. 

Dep. 

li  00 

8 

00.6 

61 

50 

.0 

35.0 

!~I2] 

99.1 

69.4! 

181 

141]. 3 

103 

.8 

1  241 

197.4 

138.2 

2 

01 

6 

01.1 

62 

50 

.8 

35.6 

1  22 

99.9 

70.0: 

82 

149.1 

104.4 

1  42 

198.2 

138.8 

5 

02 

5 

01.7 

63 

51 

.6 

36.1 

23 

100.8 

70.6! 

83 

149.9 

.  u 

'  43 

199.1 

139. 4 

4 

03 

3j  02.3 

64 

52 

.4 

36.7 

24 

101.6 

71. l| 

84 

150.7 

105 

5 

199.9 

140.0 

5 

04 

.1 

02.9 

65 

63 

.2 

37.3 

26 

102.4 

71.71 

85 

151.5 

106 

.1 

!  45 

200 . 7 

140.5 

6 

9 

03.4 

54 

.1 

37.9 

26 

103.2 

72. 3| 

86 

152.4 

106 

.7 

46 

201 .5 

141.1 

7 

05 

7 

04.0 

6? 

64 

.9 

38.4 

27 

104.0 

72. 8| 

87 

153.2 

107 

.3 

47 

202.3 

141.7 

8 

06 

6 

04.6 

68 

65 

.7 

39.0 

28 

104.9 

73.4 

88 

154.0 

107 

.8 

48 

203.1 

142.2 

9 

07 

.4 

05.2 

69 

56 

.5 

39.6 

29 

105.7 

74.0 

89 

154.8 

108 

.4 

49 

204.0 

142.8 

10 

08 

.2 

1  05.7 

70 

67 

.3 

40.2 

30 

106.5 

74.6 

90 

155.6 

109 

.0 

50 

204.8 

143.4 

11 

09 

.0 

06.31 

71 

58 

2 

40.7 

IJI 

107.3 

75.1 

191 

156.5 

109 

.6 

251 

205.6 

144.0 

12 

09 

.8 

06.91 

72 

59 

.0 

41.3 

32 

108.1 

75.7 

92 

157.3 

110 

.1 

52 

206.4 

144.5 

13 

10 

.6 

07.5 

73 

59 

8 

41 .9 

33 

108.9 

76.3 

93 

158.1 

110 

53 

207.2 

145.1 

14 

11 

.5 

08.0 

1\ 

60 

6 

42.4 

34 

109.8 

76.9 

94 

158.9 

111 

3 

64 

208.1 

145.7 

15 

12 

.3 

08.6 

75 

61 

4 

43.0 

35 

110.6 

77.4 

96 

159.7 

111 

.8 

55 

208.9 

146.3 

16 

13 

.1 

09.2 

76 

62 

3 

43. 6 

36 

111.4 

78.0 

96 

160.6 

112 

4 

56 

209.7 

146.8 

17 

13 

9 

09.81 

77 

63 

.1 

44.2 

37 

112.2 

78.6 

97 

161.4 

113.0 

57 

210.5 

147.4 

18 

14 

.7 

10.3 

78 

63 

.9 

44.7 

38 

113.0 

79.2 

9}! 

162.2 

113 

6 

58 

211.3 

148.0 

19 

15 

.6 

10.9' 

79 

64 

.7 

45.3 

39 

113.9 

79.7 

99 

163.0 

114 

1 

59 

212.2 

143.6 

SO 

16 

.4 

11.6 

80 

65 

5 

45. 9 

40 

114.7 

80.3 

200 

163.n 

114.7 

60 

213.0)149.1 

31 

17 

12.0 

81 

66 

.4 

46.5 

141 

115. 5 

80.9 

201 

164.6 

115 

.3 

261 

213.8 

149.7 

22 

18 

0 

12.6 

82 

67 

.2 

47.0 

42 

116. 3 

81.4 

02 

166.6 

115 

.9 

62 

214.6 

150.3 

23 

18 

.8 

13.2 

83 

68 

.0 

47.'V' 

1 

117.1 

82.0 

03 

166.3 

116 

4 

63 

215.4 

150.9 

24 

19 

7 

13.8 

84 

68 

& 

48.  C! 

,  4^1 

118.0 

82.6 

04 

167.1 

117 

0 

64 

216.3 

151 .4 

25 

20 

.5 

14.3 

85 

69 

6 

48.8 

45 

118.8 

83.2 

05 

167.9 

117 

6 

65 

217.1 

152.0 

26|  21 

3 

14.9 

86 

70 

4 

49.3 

46 

119.6 

83.7 

06 

168.7 

118 

0 

66 

217.9 

152.6 

271  22 

1 

15.5 

87 

71 

.3 

49.9 

47 

120.4 

84.3 

07 

169.6 

118 

.7 

67 

218.7 

153.1 

18 

22 

9 

16.1 

88 

72 

.1 

50.5 

48 

121 .2 

84.9 

08 

170.4 

119 

3 

!  6}? 

219.6 

153.7 

29 

23 

8 

16.6 

89 

72 

9 

51 .0 

49 

122. 1 

85.5 

09 

171.2 

119 

.9 

i  69 

220.4 

154.3 

» 

24 



6 

17.2 

90 

73 

7 

51 .6 

50 

122.9 

86.0 

10 

172.0 

120 

.5 

1  70 

221.2 

164.9 

31 

26 

4 

17.3 

91 

74 

5 

52.2 

151 

123.7 

86.6 

211  172.8 

121 

.0 

27r222.0 

155.4 

32 

26 

2 

13.4 

92 

75 

4 

52.8 

52 

124.5 

87.2 

12 

173.7 

121 

.6 

72  222.8 

156.0 

S3 

27 

0 

18.9 

93 

76 

2 

53. 3 

53 

125.3 

07.8 

13 

174.5 

122 

.2 

73  223.6 

156.6 

^ 

27 

9 

19.5 

94 

77 

0 

53.9 

54 

126.1 

88.3 

14 

175.3 

122 

.7 

74 

224.4 

157.2 

35 

28 

7 

20.1 

95 

77 

8 

54.5 

55 

127.0 

88.9 

15 

176.1 

123 

.3 

75  225.3 

157.7 

36 

29 

b 

20.6 

96 

78 

6 

66.1 

66 

127.8 

89.5 

16 

176.9 

123 

.9 

76  226.1 

158.3 

37 

30 

3 

21.2 

97 

79 

5 

56.6 

67 

128.6 

90.1 

17 

177.8 

124 

.5 

77226.91158.9 

38 

31 

1 

21.8 

9« 

80 

3 

56.2 

58 

129.4 

90.6 

18 

178.6 

125 

.0 

78  227.7 

159. 5 

39 

31 

9 

22.4 

99 

81 

1 

66.8 

69 

130.2 

91.2 

191 

179.4 

125 

.6 

79  228.5 

160.0 

40 

32 

8 

22.9 

100 

81 

9 

67.4 

60 

131.1 

91.8 

201180.2 

126 

80 

229.41160.6 

41 

33 

6 

23.5 

101 

82 

7 

67.9 

161 

131.9 

92.3 

221 

I8I.0I126 

.8 

281 

2  JO.  2 

161 .2 

42 

34 

4 

24. Ij 

02 

83 

6 

68.6 

62 

132.7 

92.9 

22 

181 .91127 

.i 

82 

231.0 

161.7 

43 

35 

2 

24  7l 

03 

84 

4 

59.1 

63 

133.5 

93.6 

23 

182.7 

127 

.9 

83 

2^n.8 

162.3 

4i 

36 

0 

25.2' 

04 

85 

2 

69.7 

64 

134.? 

94.1 

24 

183.5il28 

.6 

84  232.6 

162.9 

45 

36 

9 

25. 8| 

05 

86 

0 

60.2 

65 

135.2 

94.6 

25 

I34.31I29 

.1 

85 

233.5 

163.5 

46 

37 

7 

26.4, 

06 

86 

8 

60.8 

66 

136.0 

95.2 

26 

186.1 

129.6 

86 

234.3 

164.0 

47 

38. 

5 

27.0; 

07 

87 

6 

61.4 

67 

136.8 

95.8 

27 

186.9 

130 

.2 

87  235.1 

164.6 

48 

39. 

3 

27.51 

08 

88 

5 

61.9 

68 

137.6 

96.4 

28 

186.8 

130 

.8 

88i235.9 

165.2 

49 

40 

1 

28.1 

09 

89 

3 

62.6 

69 

138.4 

96.9 

29 

187.6 

131 

.3 

89 

236.7 

165. 8 

50 

41 

0 

28.7 

10 

90 

I 

63.1 

70 

139.3 

97.5 

30 

188.4 

131 

.9 

90  237.6 

166.3 

51 

41 

8 

29.3 

111 

90 

9 

63.7 

j  171 

140.1 

98.1 

231 

lt)9.2 

132 

.5 

291 

238.4 

166.9 

62 

42 

6 

29.8 

iz 

91 

7 

04 .  Z 

1  72 

140.9 

32 

190.0 

133 

.1 

92  239.2 

167.5 

59 

43. 

4 

30.4 

13 

92 

.6 

64.8 

73 

141  7 

99.2 

33 

190.9 

133 

.6 

93|240.0 

168.1 

54 

44. 

2 

31.0 

14 

93 

4 

66.4 

74 

142.5 

99. 8| 

34 

191.7 

134 

.2 

94240.8 

168.6 

55 

45 

1 

31.5 

15 

94 

2 

66.  o| 

75 

143.4 

100.4! 

35 

192.6 

134 

.8 

951241.6 

169. 2 

56| 

45. 

9 

32.1 

16 

95 

0 

66.5 

76 

144.2 

100.9 

36 

193.3 

135 

.4 

96 

242.6 

169-8 

57  46. 

7 

32.7 

17 

95 

8 

67. ll 

77 

145.0 

101.5 

37 

194.1 

135 

.9 

97 

243.3 

170.4 

581 

47. 

5 

33.3 

18 

96 

7 

67.7 

78 

146.8 

102.1 

38 

195.0 

136 

.6 

98 

244.1 

170.9 

69 

48. 

3 

33.8 

19 

97. 

5 

68.3 

79 

146.6 

102.7 

39 

195.8 

137 

I 

99  :44  9 

171.5 

60l 

19. 

1 

34.4 

20 

98. 

3 

68.8 

80! 

147.4 

103.2 

.  40 

196.6 

137 

7 

300 

245.7 

172.1 

Dist.i 

Dep. 

Lat. 

Dep. 

Lat. 

iDbt.'  Dep. 

Lat. 

Dbt. 

Dep.' 

Lat. 

Dist.'  Dep. 
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TABLE  U. 

Diflerencc  of  Latitude  and  Departure  for  36  Degrees. 


1  L^t. 

1  iwp. 

1 

1  00.:. 

00.6 

t 

01 .6 

01.2, 

3 

OS. 41 

01.81 

4 

03.2 

OJ.l 

5 

04.0 

02.9 

it 

04.9 

03.5 

7 

06.7 

04.1 

8 

06.5 

04.7 

9 

07. 1 

05.3 

10 

08. 1 

05  9; 

11 

08.9 

06. 5| 

\i 

Oy.7 

07.1; 

13 

10.5 

07. 6i 

14 

11.3 

08.2 

15 

12.1 

08.8 

If) 

12.9 

09.4 

17 

13.8 

10.0' 

18 

14.6 

10.6; 

1*J 

15.4 

11. 2j 

'JO 

16.2 

11 .8' 

17.0 

12.3 

22 

17.8 

12.9 

23 

18.6 

13.5 

24 

19  4 

14.1 

25 

20.2 

14.7 

26 

21 .0 

15.3 

i!7 

21.8 

15.9 

28 

22.7 

16.5 

2y 

23.5 

17.0 

30 

24.3 

17.6 

;}| 

25.1 

18.2 

32 

25.9 

18.8 

33 

26.7 

19.4 

.'U 

27.5 

20.0 

35 

28.3 

20.6 

36 

29.1 

21  ^* 

37 

29.9 

21 .7 

38 

30.7 

22.3 

39 

31 .6 

22. 9[ 

4<» 

32.4 

23.5 

41 

33.2 

24.1; 

42 

34.0 

24.7, 

43 

34.8 

25.3, 

41 

35.6 

25.9 

45 

36.4 

26.5, 

46 

37.2 

27.0, 

47 

38.0 

27.6' 

48 

38.8 

28.2: 

4y 

39.6 

28.81 

50 

40.5 

29.4 



51 

41.3 

30.0 

52 

42. 1 

f 

30.6 

53 

42.9 

31.2 

51 

43.7 

31.7 

55 

44.5 

32.3 

56 

45.3 

32.9! 

57 

46.1 

33. 5I 

58 

46.9 

34.1 

59 

47.7 

34.7 

60 

48.5 

35.3 

Dep. 

Lat. 

Dist  Lot.  Dop.  |]Di?it . 


62i 

631 

6  k 

65i 

66| 

67 

68 

69 

70 


71 
72 
73 
74i 

75 
76 
1 1 
78 
79 
801 


49.4 

50. 2i 
51. Oi 
51. 8i 
52.6; 
53.41 
54.21 
55.0; 
55.8] 
56.6) 

57.4' 

58.2 

59.1 

59.9 

60.7 

61.51 

62.3 

63.1 

63.9 

64. 7 


81 

82, 

83| 

841 

85| 

86 

87 

88 

89 

90 


91 
92 
93 
94 

95 
96 
97 
98 
99 
100 


65.5! 

66.  S| 

67.1 

68.0 

68.8 

69.6 

70. 4j 

71.2 

72.01 

72.8 


73.6 

74.4 

75. 2i 

76.0 

76.9 

77.7 

78.5 

79.3 

80.1 

80.9 


101 

02 
03 
04 
05 
06 
07 
08 
09 
10 


111 

12 
13 
14 
15 
16 
17 
18 
19 
20 


Dist 


81.7 
82.5 
83.3 
84.1 
84.9 
85.8 
86.6 
87.4 
88.2 
89  0 


89.8 

90.6 

91.41 

92.2 

93.0 

93.8 

94.7 

95.5 

96.3 

97.1 


35.9 
36.4 
37  O 
37.6 
38.2 
38.8 
39.4 
40.0 
40.6 
41.1 


41 .7 
42.3 
42.9 
43.5 
44.1 
44.7! 
45.3! 
45.8; 
46. 4| 
47.0 


 j 

47. 6i 
48.2 
48.8 
49.4 
50.0 
50.5! 
51. l| 
51.71 
62. 3i 

52.9; 


53.5; 

54. Ij 

54.7 

55.3 

55.8 

66.4 

57.0 

57.6 

58.2 

58.8 


69.4 
60.0 
60.5 
61.1 
61.7 
62.3 
62.9 
63.5 
64.1 
64.7 


65.2 
65.8 
66.4 
67.0 
67.6 
68.2 
68.8 
69. 4J 
69.9 
70.6 


Dep.  I  Lat. 


121 


Lat. 


97.91 
98 
23)  99.5 
2UI00.3I  7t.9 


25: 101. 1 
26:101.9 
27  102. 7 


Dep. 


71.1)1  1811146. 4| 
71. 
72.3 


73.5 
74.1 
74.6 


I 


28  103.61  75.2 
29'l04.4!  75.8! 
30' 105. 2!  76.4 


iDi«t.  LhT.    Pep    Oist.'  iM. 


131  106  0*  77.0 
32106.81  77.6 


3,i  107.6 
34.108.4 
351109.2 
36110.0 
37  110.8 
38111.6 
39  112.5 
40.113.3 


78.2 
78.8 
79.4 
79.9 
80.5 
81.1 
81.7 
82.3 


141  114. 1 
42  114.9 
43>115.7 
44'116.5 
45.117.31 
4<>il8.1 
47'118.9 
48  119.7 
49:120.5 
60  121.4 


151  122.2 
62,123.01 
53  123.8 
64124.6 
65,125.4 
56ll26.2 
67  127.0 
58,127.8 
69  128.6 


82. 9i 
83.6 
84.1 
84.6 
86.2 
85.8 
86.4 
87.0 
87.6 
88 


2 


88.8 
89.3 
89.9 
90.5 
91.1 
91.7 
92.3 
92.9 
93..') 


60(129.4;  94.0 


161jl30.3| 

62  131.1 

63  131.9 
641 132. 7 
65;133.6 
66  134.3 
671135.1 


68 
69 


135.9 
136.7 


70  137.5 


1711138  3 
72,139.2 
73140.0 
74  140.8 


94.6 

96.2 

95.8 

96. 4| 

97.0 

97.6 

9S.2 

98.7 

99.3 

99.9 


100.5 
101.1 
101.7 
102.3 


76141 .6  102.9 
76142.4  103.5 
77|l43.2  104.0 
78  144.0  104.6 
79144.8105.2 


80146.6 


105.8 


DLxt.  Df  p. '  Lat. 


82l47.2i 
83  148.11 
84148.91 
85|l49.7l 
150  5 
151.3, 
162. 1> 
152.9; 
153.7. 


86 
87 

88 
89 
90 


191  154.5: 
92»155.3 
93|  156.1; 
94!  1 56. 9 

9611.58. 6, 


97 
9C 
99 
2(X) 


160.2, 
161. 0| 
161.81 


201 
02 
03 


162.6 
163. 4I 
164.2 
04  165.0L 
^  166.8  - 
166.7 
167.6 
168.3) 
169.1 
169.9 


05 
06 
07 
08 
09 
10 


211 
12 
13 
14 
15 
16 
17 
18 
19 
20 


221 

22 
23 

25 
26 
27 
28 
29 
30 


231 
32 
33 


35 
36 
37 
38 
39 


Dist 


170.7i 

171. 6| 

172.31 

173.11 

173-9 

174.7 

176.6 

176.4 

177.2 

178.0 


178.8 
179.6 
180.4 
181 .2 
182.0 
182.8 
183.  C 
184.5 
135.3 
186.1 


186.9 
187.7 
188.5 


34189.3 


190.1 

190.9 
191.7 
192.6 
193.4 


40  194. S 


Dep. 


Ob. 4 

07.0; 

07  . 

08.2 

08.7 

09.3: 


09-9 
10.5 
11.1 
117 


12-3 
12.9 
13.4 
14.0 
14.6 
15.2 
16.8 
16  4 
17.0 
17.6 


18.1 
18.7 
19.3 
19.9 
20.6 
21.1 
21.7 
22.3 
22.8 
23  4 


24.01 

24.6 

25.2 

25.8 

26.4 

27.0 

27.5 

28.1 

28.7 

29.3 


29.9 
30.5 
31.1 
31.7 
32.3 
32.8 
33  4 
34.0 
34.6 
35.2 


35.8 

36.4 

37.0 

37.5 

38.1 

38.7 

39.3 

39.9 

40.6 

41.1 


LaL 


1141)195. 
42!  195 
43  196 
M,1'j7 
45,198 
46(199 
47)199 
4^200 
49;201 
50*202 


iii4i?r 

8142.2 
.6ll4S.8 

.41 1. "5. 4 
.2  144.0 
.0144.6 
.8145  2 
.6  145  8 
.4146.4 
.3I146.9 


251  203. 
52203 
53i»4. 
54^205. 
65206 
561207. 
.'»7207.' 

58  208. 

59  209. 
60!210. 


2611211. 
621212. 
631212 
64  213 
66214 
66i215 
67  216 
68216 
69  217. 
70218, 


2!I53.4 
0 164.0 
154.6 
6165.2 
4155.8 
166.4 
166.9 
157.5 
61158.1 
4158.7 


271219 
72220. 
7.i  220. 
74(221 . 

75  222. 

76  223. 

77  224. 

78  224. 
79|225. 
80!226 . 


2811227. 
82;428 . 
831229. 

84  229. 

85  230. 

86  231. 

87  232. 
88 '233. 
89233. 
90I234. 


29I'2;53.4171 .0 


92,236 
93  237 
94|237 
951238 
961239 
240 
241 


97 
98 
99  241 


300 


164.0 
164. 6 


242.7 


171 .6 
0172.t 
172.8 
173.4 
174.0 
3^174.6 
175.2 
175.7 
176.3 


Disl.  Dep. '  Lat. 


[For  54  Degree*. 


itized  by  Google 


.  TABLE  U. 

Difference  of  Latitude  and  Departure  for  37  Degrees. 


58 


iDbt. 

Lot. 

Dep.  i; 

I 

(h'f .  ,f 

|.u...- 

i 

01 .6 

1  01  . 

02.4 

1  01.8 

0:5.3! 

(  02.4 

b 

04.0 

OJ.O 

6 

0*.3 

7 

05.6 

8 

06.4 

04.8 

9 

07.2 

05.4 

10 

0:kO 

06.0 

11 

08. H 

06.6 

12 

09.6 

07.2 

IS 

10.4 

07.3 

14 

11.2 

08.4 

15 

12.0 

oy.o 

16 

12.8 

09. 6 

17 

13.6 

i  • 

10.2 

18 

14.4 

j  10.8 

19 

15.2 

i  JI-4| 

SO 

16.0 

i  12.0 

21 

16. U 

li.ti 

22 

17.6 

13.2 

S3 

18.4 

:  13.8 

24 

19.2 

14.4 

25 

20.0 

15.0 

2l> 

20.8 

15.6 

27 

21.6 

16.2 

28 

22.4;  16.  y 

29 

23.2 

1  17.^ 

30 

24.0 

18.1 

31 

24.8!  18.7 

SI 

25.6 

9.:t 

26.4 

19.9 

34 

27.2 

20.5 

S5 

28.0 

21 .1 

36 

28.8 

21.7 

37 

29.5 

22.3 

38 

30.3 

22.9 

39 

31.1 

23.5 

40 

31.9 

24.1 

41 

32.7 

24.7 

42 

33.5 

25.3 

43 

34.3 

25.9 

44 

35.1 

26.5 

.  .45 

35.9 

27.1 

46 

36.7 

27.7 

47 

37.5 

28.3 

48 

38.3 

28.9 

49 

39.1 

29.5 

50 

39.9 

30.1 

61 

40.7 

30.7 

41.5 

31.3 

53 

42.3 

31.9 

54 

43.1 

32.5 

55 

43.9 

33.1 

56 

44.7 

33.7 

57 

45.5 

34. 3 

58 

46.3 

34.9 

59 

47.1 

35.5 

60 

47.9 

36.1 

Dist 

Dep. 

La(.  1 

Dist.  Lut.  (  1)»;|>.  I  Dist.  Lat. 

_ 


(;.: 
63 
64 
65 
66 
67 
68 
69 

21\ 

7lj 
72i 
73: 
74 
75 
76, 
77 
78 
79 
80 


48. 7j 
49. 5I 
50.31 
51.1! 
51.9' 
52.7! 
53.5; 
54. 3| 

55  .  Ij 
55._9| 

56  ."7' 
57. 5j 
58.31 
69.1, 
59.9 
60.7 
61.5 
62.3 
63.1 
63.9 


36 
37 
37 
38 
39 
39 
40 
40 
41 
_42 

"42 
43 
43 
44 
45 
45 
46 
46 
47 
48 


.3 
.9 
.5 
.1 

.7: 
.3 
.9 
.5 

.7 

'\ 

.91 
.5' 

■i' 

.71 

.3: 
9' 

A 
.1! 


121 

22 

23 


25 
S6 


96.6 
97.4 
98.2 


24  99.0 


99.8 
100.6 


Dep. 


72.8 
73.4 
74.0 
74.6 
75.2 
75.8 


iDi.Kt. 


181 
82 


27|l01.4j  76.4 

28  102.2  77.0 

29il03.0  77.6 

30103.8  78.2 


131 


81' 
82 
83j 
84! 
85: 
86i 
87' 
83' 
89i 
90I 


64.7! 
65 .  5i 
66.. 3| 
67  .  li 
67. 9i 
68.7! 
69.5 
70.3 
71. Ij 


48 
49 
50 
50 
51 
51 
52 
53 
53 
54 


87 
88 
89 
90 


Lat. 


144 
145 


83{146 
84146 

85  147 

86  148 


149 
150 
150 
151 


104.61  78.8 

32|106.4|  79.4 

33  106.2  80.0 

34  107.0!  80.6 
35I107.8  81.2 

108.6!  81.8 

109.4;  82.4 

110. 2i  83.1 

111.0-  83.7 

111.81  84.3 


i 

,2 

t 

0 

6 
2 


91 
92 
93 
94 
95 
96 
97 
98 
99 
100 


lOlj 
02' 
03 
04; 
05i 
06 
07 
08 
09 
10 


111 
12 
13 
14 
15 
16 
17 
18 
19 
20 


Dist 


72.7 

73.5' 

74.3 

75.1 

75.9 

76.7 

77.5 

78.31 

79.11 

79.9' 

80.7; 
81. 5< 
82.31 
83.1 
83.9; 
84.7! 
85. 
86. 
87. 
87.8 


54 

55, 

56 

56 

57. 

57, 

58, 

59 

59, 

60 


36 
37 
38 
39 
40 

TiF 

42 
43 
44 
45 

46  116.6  87. 9i 
47{117.4;  88.5 
4<]ilI8.2  89.1 


191 
92 
93 
94 
95 
96 
97i 


152 
153 
1:4 
154 
155 
156 
157 
98  158 


112.61  84.9 
113.4!  85.5 
114.2'  86.1; 
115.0  86.7 
115.8;  87.3 


99 
200 


201 


158 
159 


160 


02  161 
03!  162 


1 


4" 


61 


88.6 
89.4 
90.2 
91.0 
91 .8 
92.6 
93.4 
94.2 
95.0 
95.8 


Dep. 


60 
61 
62 
62 
63 
63 
64 
65 
65 
66 


,8 
4 
0 
6 
2 
8 
4 
0 
6 
2 


491119.0.  89.7 
50jll9.8;  90.3 

1571120. 61  90.9 
62  121. 4i  91.5. 

53  122.2  92.  r 

54  123.0'  92.7; 

65  123.8'  93.3 

66  124.6!  93.9 

67  123  . 4|  94  .5 

58  126.2!  95.1^ 

59  127.0!  95 

60  127.8!  96.3 


04 
05 
06 
07 
08 
09 
10 


66.8 
67. 4I 
68.01 
68.6: 


69 
69 
70 
71 
71.6 
72.2 


Lat. 


161 
62 
63 
64 
65 
66 
67 
68 
69 
70 


171 

It 
73 


Dist 


211 
12 


162 
163 
164 
165 
166 
166 
167 


168 
169 


131170 


It 


128.6'  96.9 
129.4  97.5 
130.2'  98.1 
131.01  98.7 
131.8!  99.3 
132. 6|  99.9 
133.4  100.5 


14 
15 
16 
17 
18 
19 
20 


134.2 
133.0 
135.8 


101.1 
101.7 
102.3 


74  139 

75 
76 
77 
78 
79 
80 


136.61102.91 
137.4,103.6! 
138.2|m.li 
01104.7 
139.8;i05.3 
140.6!  106. 9 
141.4il06.5 
142. 2;  107.1 
143.0  107.7 
143. 81108. 3 


Dep.  I  Lat 


221 
22 
2;} 


24  178 


25 

26 
27 
28 
29 
30 


231 

32 
33 
3-1 
35 
36 
37 
38 
39 
40 


Dist, 


170 
171 
172 
173 
174 
174 
175 


176 
177 
178 


179 
180 
181 
182 
182 
183 


184 

185 
186 
186 
187 
188 
189 
190 
190 
191 


Dep. 


Dep. 


08.9 
09.5 
10.1 
10.7 
11.3 
11.9 
12.5 
13.1 
13.7 
14.3 


14.9 
15.5 
16.2 
16.8 
17.4 
18.0 
18.6 
19.2 
19.3 
20.4 


21.0 
21.6 
22.2 
22.8 
23.4 
24.0 
24.6 
23.2 
25.8 
26.4 


Dist. 


241 


27.0 
27 
28.2 
28.8 
29. 4^ 
30.0 
;K).6 
31.2 
31.8 
32.4 


33.0 
33.6 
34.2 
34.8 
35.4 
36.0 
36. 6 
37.2 
37.8 
38.4 


39.0 
39.6 
40.2 
40.8 
41 .4 
42.0 
42.6 
43.2 
43.3 
44.4 


Lat. 


Lai. 


192 


42193 
43194 
44  194 

451 195 
461196 


47 
48 

49 


197 
198 
198 


50  199 


251200 
52  201 
53202 
64202 

55203 

66  204 

67  205 
58  206 
69  206 
60  207 


261  208 

62  209 

63  210 

64  210 
66  211 

66  213 

67  213 

68  214 

69  214 

70  215 


271 


72217 


73 
74 
75 
76  2'. 


281 
822 


291 


216 


218 
218 
219 
520 
77  221 
78 

79  222 

80  223 


224 

49  f; 

83  226 

84  226 

85  227 
86228 

87  229 

88  230 

89  230 

90  231 


232 


92  233 
93234 
94234 

95  235 

96  236 

97  237 

98  238 


99 
300 


238 
239 


Dep. 


Dist.  Dep. 


Lat. 


[For  53  Degrees. 


Google 


r 


»4 


TABLE  II. 


Diiference  of  Latitude  and  Departure  for  38  Degrees. 


Lilt. 

Dep. 

Dist. 

Lat. 

|Dep. 

1 

00.8 

00.6 

61 

48.1 

37.6 

2 

01 .6 

A  V  A 

01 .2 

62 

48.9 

38 .2 

3 

Oi  .4 

At  A 

01 .8 

63 

A  A  ^ 

49.6 

A  A  n 

38 .8 

4 

03.2 

02.5 

64 

m  A  A 

60.4 

A  A  A 

39.4 

b 

03.9 

03. 1 

65 

61 .2 

^  A  A 

40.0 

6 

4\  ^  mm 

04.7 

A  A  *V 

03.7 

66 

^  A  A 

52.0 

40.6 

7 

05.6 

04.3 

67 

52.8 

41 .2 

8 

00-3 

04.9 

68 

^  A  ^ 

53.6 

41 .9 

i) 

07. 1 

A  r  p 

06.6 

69 

64.4 

42.5 

07 .9 

A^  A 

06.2 

70 

r  r  A 

56.2 

43. 1 

11 

08.7 

06.8 

71 

65.9 

43.7 

12 

09.6 

AW  M 

07.4 

72 

56.7 

44.3 

13 

10.2 

08.0 

73 

67.6 

44.9 

14 

11.0 

aa 

08.6 

74 

68.3 

A  P  ^ 

45 .6 

15 

11 .8 

09.2 

75 

69.1 

46.2 

16 

12.6 

09.9 

76 

69.9 

46.8 

17 

13.4 

10.6 

77 

60.7 

47.4 

18 

14.2 

11.1 

78 

61 .6 

48.0 

19 

15.0 

11.7 

79 

62.3 

48.6 

20 

16.8 

12.3 

80 

63.0 

A  A  A 

49.3 

21 

16.5 

12.9 

81 

63.8 

49.9 

22 

17.3 

13.6 

82 

64.6 

r  A  r 

50.5 

23 

18.1 

14.2 

83 

66.4 

51  . 1 

24 

18.9 

14.8 

84 

66.2 

51.7 

25 

19.7 

15. 4| 

85 

67.0 

V  A  A 

62.3 

26 

Ark  c 

20.6 

16.0 

86 

67.8 

52.9 

27 

21 .3 

16.6 

87 

68.6 

53.6 

28 

22. 1 

17.2 

88 

69.3 

64.2 

29 

22.9 

17.9 

89 

70.1 

64.8 

30 

23.6 

18.5 

90 

70.9 

55.4 

31 

24.4 

19.1 

91 

71.7 

56.0 

32 

25.2 

19.7 

92 

72.6 

56.6 

33 

26.0 

20.3 

93 

73.3 

57.3 

34 

26.8 

20.9 

94 

74.1 

67.9 

35 

27. 6 

21 .6 

95 

74.9 

68.5 

36 

28.4 

AA  f% 

22.2 

96 

75.6 

e  A  4 

59. 1 

37 

29-2 

AO  A 

22.8 

A'^ 

97 

76.4 

59.7 

38 

29.9 

23.4 

98 

77.2 

60.3 

39 

A  A  W 

30.7 

24.0 

99 

78.0 

61 .0 

40 

Jl  .5 

24.6 

100 

78.8 

61 .6 

41 

32.3 

25.2 

101 

79.6 

62.2 

41' 

33.1 

25.9 

02 

80.4 

62.8 

43 

33.9 

26.5 

03 

81 .2 

63.4 

44 

34.7 

27.1 

04 

82.0 

64.0 

45 

35.5 

27.7 

06 

82.7 

64. 6; 

46 

36.2 

28.3 

06 

83.6 

65.3 

47 

37.0 

28.9 

07 

84.3 

66.9 

48 

37.8 

29.6 

08 

85.1 

66.5 

49 

38.6 

30.2 

09 

85. 9 

67. 1 

50 

39.4 

30.8 

10 

86.7 

67.7 

51 

40.2 

31 .4 

111 

87.6 

68.3 

At  n 
'♦1  .u 

1  m 

1 Z 

OO  Q 

oy  .0 

53 

41.8 

32.6 

13 

89.0 

69.6 

54 

42.6 

33.2 

14 

89.8 

70.2 

55 

43.3 

33.9 

16 

90.6 

70.8 

.■16 

44.1 

34.5 

16 

91.4 

71.4 

57 

44.9 

36.1 

17 

92.2 

72.0 

58 

46.7 

36.7 

18 

93  X> 

72.6 

59 

46.6 

36.3 

19 

93.8 

73.3 

60 

47.3 

36.9 

20 

94.6 

73  9 

)ist 

Dep. 

Lat. 

bist. 

Lat.  1 

Dist. I  Lat. 


96. 3j 
96.1 
96.9 
97.7 
98.6 
99.3 
271100.1 
281100.9 
29101 .7 
30;  102. 4 


121 

22 
23 

24j 
25 
261 


13l|l03.2 
321104. 0 
33  104.8 
34,105.6 
35,106.4 
36  107.2 
371108.0 
38ll08.7 
39il09.5 
401110.3 


141111.1 
42  111.9 
43I112.7 
4-HI3.5 
461114. 
46116.0 
47  115.8 


48 
49 


116 
117 


50  118.2 


151 

52 
63 
64 
55 
56 
57 
68 


119.01 
119.8 
120.6 
121. 4j 
122.1 
122.9 
123.7 
124.6 
3 


59  125 

60  126 


1 


161  126 

62|127 
63128 

64  129 

65  130. 


66 
67 
68 


69133 
70154 


171 
72 


75 
76 
77 
78 


80 


130 
131 
132 


134 

135 


.7 
.6 


731S6.3106.6 


74137.1 


137 
138 
139 
140 


1.3 

79141.1 

8 


141 


Lat.  I  Dist  Dep.   Lat.  iPi&t 


Dep. 


74.6 
75.1 
75.7 
76.3 
77.0 
77.61 
78. 2i 
78.8 
79.4 
80.0 


80.7 
81.31 
81 .9' 
82.5' 
83.  ll 
83.71 
84.3; 
86.0! 
85. 61 
86.2 


&6.8I 
87.4' 
88.01 
88.71 
89.  Si 
89. 9| 
90. 6| 
91.1' 
91.7; 
92.3! 


Dbt.  Lat.  >  Dep. 


93.0' 

93. 6j 

94.21 

94.81 

96. 4| 

96. 0! 

96.71 

97.3' 

97.9 

98.5 


99.1 
99.7 
4^100.4 
101.0; 
101.6 
102.2i 
102.81 
4jl03.4i 


104.0 
104.7 


105.3 
105.9 


107.1 
9107.7 
108.4 
109.01 
109.6 

no  e 

110 


181 
82 
83 

84145 

85 
86 
87 
88 

89 


142.6 
143.4 
144.2 
0 

145.8 
146.6 
147.4 
148.1 
148. 9 
90149.7 


191 
92 


93  152 

94  152 


95 
96 
97 
98 
99 
200 


201 
02 
03 


05 
06 
07 
08 
09 
10 


211 
12 
13 


150 
151 


153 
154 
156 
156 
156 
157 


168.41 
159.2 
160.0 


04  160.8 


161.6 
162.3 
163.1 
163.9 
164.7 
165.5 


166.3 
167 
167 


14168 

15  169 

16  170 

17  171.0 
181171.8 
19  172.6 
201173.4 


24II 


221 

22 

23 
a 

25 
26 
27 
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Ilighl  Ascensions  and  Declinations  of  some  of  the  piinripal  fixed  Stars,  adapted  to  the  begin- 
ning of  the  year  1S20,  with  their  annual  variations. 
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16.33N. 
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6..S7.13 
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16.29  S 
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28.41  S. 

-f-  4.4 

In  the  back  of  the  Greater  Dog 

6 

2.3 

7.  1.  3 

2.44 

26.  7  S. 

-h  5.2 

In  the  tail  of  the  Greater  Dog 

ri 
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-f  6.5 
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Rigbt  Ascensions  and  Declinations  of  some  of  the  principal  fixed  Stars,  adapted  to  the  i 
ginning  of  the  year  1820,  with  their  annual  variations. 


o 

2! 

Anil. 

S 

m 

Var. 

Namt9  cf  Situations  of  the.  bi  AHb. 

3 

? 

1 
c 

Ricrhl 
A«ctiuioD. 

U.  A. 
add 

DrdinaliuD. 

3 

o. 

■fif  r 

3 

1820. 

H.  M.  S. 

V 

O  / 

The  I>s5er  Dog;  Procyon 

a 

1.2 

7.29.D2 

8.15 

5.41  N, 

O.J 

*  In  the  head  of  the  southern 

Twin,  Pollux 

(3 

1.2 

7.3^1.17 

3.69 

28.27  N. 

fi  ft 

Id  the  row   lock  of  the  ship 
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In  the  poop  of  the  ship  Argo 

y 

« 

8.  4.  1 

1.86 

46.48  S. 

-f  10.3 
4-12.9 

1     t  4  i\ 

-f- 14.9 

In  the  middle  of  the  ship  Argo 

a 

2.3 

8.59.45 

1.66 

54.  3  S. 

In  the  oars  of  the  ship  Arco 

3 

2  3 

9.11.13 

0.75 

68  59  A 

wV«vw 

The  heart  of  the  female  Hydra, 

Alvhard 

a 

2 

9.18.41 

2.95 

7.53  S 

-f-  1  J.« 

•  The  Lion*8  heart  Reodlus 
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n  the  too  of  the  Cross 

y 

2 

12.21.13 

3.24 

56.  6  S. 

1  ai\  n 
-J-  i'O.U 

n   the   followinir   arm  of  the 

Cross 

3 

2 

12.37.18 

3.41 

58.41  S. 

-J-  1  •'•0 

Aliotk.  first  star  in  the  tail  of  the 

Great  Bear 

2.3 

12.46.  8 

2.75 

56.56  N. 

•  The  Viririn's  snike— Spica 

a 

1 

13.15.43 

3.14 

10.13  S. 

i  ion 
-y-  1  u  U 

The  second  Star  in  the  tail  of  the 

Great  Bear 

c 

2.3 

13.16.39 

2.4S 

55.5  2  N. 

Last  Star  in  the  tail  of  the  Great 

Bear 

v 

2 

13.40.26 

2.38 

50.13  \. 

Tlie  western  foot  of  the  Centaur 

a 

o 

13.51.14 

4.10 

59..S0  S. 

-1-17. a 

In  the  tajl  of  the  Dragon 

a 

2.3 

13.59. .31 

1.63 

6.'>.14  N. 

—17.1 

The  bright  Star  in  Bootes — Arc- 

turns 

a 

1 

14.  7.26 

2.73 

20.  8N. 

—19.0 

The  eastern  foot  of  the  Centaur 

a 

1 

14.28.  0 

4.44 

60.  7  S. 

— aa.i 

The  southern  scale  of  the  Ba- 

* 

lance 

a 

2.3 

14.40.56 

3.29 

15.17  S. 

-f-l5.2 

The  northern  scale  of  the  Ba- 

lance 

2.3 

15.  7.20 

3.22 

8.43  S. 

-1-1.3.8 

Bright  Star  in  tlie  crown  Gemma 

a 

2 

15.27.  4 

2.53 

27.20  N. 

— 1«.5, 

L  Tab. 
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^2         '     ^  TABLE  VIII. 


Right  AsceasioDi  and  Declinations  of  some  of  the  principal  fixed  Stan,  adapted  to  the  be- 
ginoing  of  the  year  1S30,  with  their  annual  Tariations. 


Names  if  situations  of  the  STARS, 

o 

\ 

a 

r 

m 

(n 

g. 
8 

Rigbt 
AsceosioD. 

Var. 
lU  A. 

after 

1820. 

Aonoal 
VariAtMa. 

H.  M.  6. 

tf 

O  ' 

In  the  neck  of  the  Serpent 

a 

2 

10.35.24 

2.94 

7.  01V. 

— 11.7 

The  northernmost   Star  of  the 

Scorpion  s  forehead 

O 

15.55.  0 

3.47 

19.18  S. 

+  10.5 

•The  Scorpion's  heart,  Antares 

a 

1 

16.18.23 

3^6 

26.  1  S. 

-f  8.6 

lo  the  eastern  knee  of  Ophiuchus 

V 

2.3 

17.  0.  3 

3.42 

15.30  S. 

-j-  5.3 

In  the  head  of  Hercules 

a 

o 

17.  6.27 

2.73 

14.361V. 

—  4.5 

In  the  head  of  Ophiuchus 

a 

ct 

17.26.35 

2.77 

12.42  N. 

—  3.1 

In  the  head  of  the  Dragon 

y 

2.3 

17.52.25 

1.38 

51.31  N. 

—  0.7 

In  the  how  of  Sagittarius 

s 

2.3 

18.12.14 

3.98 

34.28  S. 

—  0.9 

The  hright  Star  in  the  Harp,  We- 

ga,  Lyra 

a 

1 

18.30.51 

2.03 

38.37  N. 

-h  3.0 

•  Bright  Star  in  the  Eagle,  Atair, 

a 

1 

19.42.  0 

2.93 

8.24  N. 

-f  9.1 

The  eye  of  the  Peacock 
1  ne  lau  oi  me  owan  jjtneo 

a 

20.11.20 

4.85 

57.18  S. 

—10.8 

-f-  lt.6 

The  western  wing  of  the  Crane 

a 

2 

21.56.49 

3.85 

47.49  S. 

—17.4 

•In  the  mouth  of  the  southern  fish, 

FOMALUADT 

a 

1 

22.47.41 

3.34 

30.34  S. 

—19.1 

In  the  shoulder  of  Pegasus 

22.55.  3 

2.87 

27.  7N. 

4.19.2 

•In  the  wing  of  Pegasus,  Markah 

a  PeOASI 

a 

2 

22.55.48 

2.98 

14.14  N. 

-I-I9.4 

In  the  head  of  Andromeda 

a 

2.S.59.  6 

3.08 

28.  6N. 

+  20.0 

Near  the  shoulder  of  Cassiopea 

P 

2.3 

23.59.35 

3.05 

58.  9N. 

+  20.1 

Note. — If  the  places  of  these  stars  are  wanted  for  any  time  hefore  (he  be- 
ginning of  the  year  1820,  multiply  the  annual  variation,  in  right  ascension,  by 
the  number  of  years  before  1820,  and  subtract  the  product  from  the  right 
ascinsion  standing  in  the  table;  but  the  product  of  the  annual  variatioD 
in  declination  by  the  number  of  years  before  1820  must  be  added  to,  or  sub- 
tracted from  the  declination,  according  as  the  sign  —  or  +  is  marked  in  the 
Table;  but  for  any  years  after  1820,  the  annual  variation  in  right  ascension 
niultiplied  by  the  number  of  years  after  1820  must  be  added  to  the  right  ascen- 
sion in  the  Table,  and  the  annual  variation  in  declination  multiplied  by  the  num- 
ber of  }ears  after  1«20  must  be  either  added  to,  or  subtracted  from  the  decU- 
nati<m,  according  to  the  signs  in  the  Table. — The  annual  variation  is  set  down 
for  seconds  and  decimals  of  a  second.  An  asterisk  is  prefixed  to  the  stani 
whose  distances  from  the  moon  are  given  in  tlie  Nautical  AInKinac.  Wheo 
very  great  accuracy  is  required,  the  corrections  found  in  Tables  XLII.  and 
XLIII.  for  aberrntion  and  nutation,  are  to  be  applied  to  the  numbers  deduced 
from  Table  VIII.  hut  these  corrections  are  generally  not  of  much  importance 
in  nautical  calculations.  The  corrected  values  are  however  given  in  the  Nauti- 
cal Almanac  for  24  of  the  bright  stars  of  this  catalogue  for  every  ten  days  io 
the  year,  and  these  values  are  always  to  be  preferred. 
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TABLE  X. 


For  finding  the  DteMe  Of  Tencftrial  Objects  al  Sea,  in  Statute  miles. 
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TABLE  XI. 


eek  the  nearest  number  to  the  reduced  time  in  the  top  column,  and  the  difference  of  paral- 
lax, proportionHl  logarithm,  or  semi-diameter  for  12  hours  in  the  side  column  ;  under  the 
former  and  opposite  the  latter,  is  the  correction  to  be  applied  to  the  number,  marked  first 
ill  the  Nautical  Almanac,  additive  if  increasing,  subtractive  if  decreasing. 
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TABLES  XII,  Xm,  XIV,  XV,  and  XVT 


Tabm  Xn.   The  Refraction  of  the 
Heaveulj  Bodies  in  Altitude. 
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Table  Xlil. 
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22 

4.37 

23 

4.43 

24 

^.49 

26 

6.  1 

28 

5.13 

20 

5.23 

S5 

6.49 

40 

6.14 

45 

6.36 

SO 

6.58  j 

eo 

7.37 

70 

8.14  ! 

CO 

8.48  1 

90 

9.20  1 

100 

9.61  1 

Table  XIV. 
The  Sun's  Parallax  io 
Altitude. 


Sun's  Alt. 

Sun's 
Parallax. 

I). 

S. 

0 
10 
20 
30 
40 

65 

9 
9 
8 
8 
7 
0 
6 

60 
65 
70 
75 
80 
bo 
90 

4 
4 

3 

2 
2 

1 

0 

Tablk  XV. 
Aupnentation  of  the 
Moon's  Semi-diameter. 

Moon's  Alt. 

AugmcDtaiioD. 

D. 

S. 

0 

10 
16 
20 

25 
30 
36 

0 
1 
3 
4 

5 
7 
8 
9 

40 
46 

60 
65 
CO 

70 

80 

90  ' 

10 
11 
12 
13 
14 
16 
16 
16 

Note  to  Table  XVI.— The  nuinbers  of  this  table  below  the  black  lines,  are  the 
»»iiie  a.«  are  dven  in  Table  XIII.  the  visible  horiron,  corresponding  to  those  heighti, 
not  hri.'lg  *9  '«r  ilistant  as  the  land.  _ 
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TABLE  XVII. 

WHEN  A  STAR  IS  USKD. 


•Ap. 
Alt 


D  M 


6.  0 
10 
20 

30 
40 
60 


Cor. 


M  S 


50.  U 
50.^ 
30.39 
S0.64 
61.  « 
61^21 


6.  0 
10 
20 
30 
40 
60 


61.341.0266 


7.  0 
10 
20 
30 

a5 

40 


Log 


0.9700 
0.9817 
0.9930 

\.(Kn\ 

1.0150 


•Ap. 
Ah. 


Cor. 


D  M 


10.  0 


6 
9 
12 


61.46 
51.37 
62.  9 
j2.19 
62.29 


1.03^)0 
l.(mii 
1  0662j 
1.0660 
1.07661 


52.39 
62.49 
6^.68 
63.  6 
63.11 
53.16 


7.46 
48 
51 
64 

57 
8.  0 


8.  3 
6 
9 
12 
15 
18 

'8.21 
24 
27 
30 
33 
36 


1.08W 
1.0941 
1.1032] 
1.1120 
l.ll&il 
1.1207 


53.19 

63.21 

63.24< 

6356 

63.28 

63.30 


1250 
1?76 
1301 
1326 
1.1361 
1.1376 


10.18 


M  S 


M.4o 
354.47 
M.48 


1.2477 
1.2297 
1.2317 


54.501.2337 


54.51 
15  54.53 


53.33 
63.3.') 
63.37 
63.39 
53.42 
53.44 


53.46 
53.48 
53.60 
53.62 
53.54 
53.56 


8.39 
42 
45 
48 
51 
54 


8.57 
9.  0 
3 
6 
9 
12 


9.15 
18 
21 
24 
57 
30 


1.1401 


1426 
1460 
1474 
1499 
16231 


64..'>4 
21  5-1.66 
24t5^.67 
27M.58 
30  55 
3366 


0 


Log. 


1.2357 
1.2377 


•Ap. 

Alt. 


D  M 


1.2397 
1J2417 
1.2437 

i.m7 

1.2476 
ISAM 


10.36155. 
39^. 


42 


66.  5 


46  65. 
48  65. 


6155.  9 


1.1547 

1.1571 

1.1595 

1.1619 

1.16421 

1.1666 


53.58 
54.  0 
54.  2 
54.  41 
54.  6 


1.1689 
1.1712 
1.1736 
1.1758 
1.1781 
64.08!  llBO-t 


54.101 1.» 
54.12^1.1849 
54.13  1.IB71 
M.16l.l«93 
64.17  1.1916 
54.19  1  1938 


54.2111.1960 
i54.22il.1982 
54.24  1.20U3 
64.26  1  2026 
M.28  1J2047 
64.291^8 


9.33 
36 
39 
4£ 
46 
48 

9.51 
64 
67 


ihi.3rl.20}59 
W.33  1.2110 
MJ4  1.2132 
'54.361.2163 
64.37  1.2173 
54.39  1.2194 


64.41  lJi216 
•H. 42  1.2236 
154.44  1:2257 


10.  M 
57 

11.  0 

3 


56.11 


55.12|l.2648 
26H7 


11.12 
16 
18 


8 


1.2515 

1J2534I 

1.2553 

1.2572 

1J2591 

1.2610 


135.13 
65.14 
6  65.16 
65.17 


66.18 
66.19 
6621 
21  66.22 
2456.23 
27  66.24 


11.30  63  26 
3355ir7 


36 
39 


5558 
65.29 


4255.30 


46 


56.31 


11.48 
51 


67 
12.  0 
3 


12. 


6 
9 
12 


65.32 
66.34 


64156.36 


65.3t 


56.39 
66.40 
55.41 


1656.42 


18 
21 


66.43 
65.44 


12.2466.46 
27'56.46 
3056.47 
33^.48 
3656.49 
39  56.60 

12.42666 
46165.52 
48156.63 


3.4656.1011.3587 
50l56.l2ll.3612 
56  36.131  J637 
14.  066.161.3662 
5*6.161.3687 


li>62y 


1 

1.2686 
2706 
1.2724 


1.2742 
15760 
1J2778 
15796 
15814 
15832 


lX3dO 
1.2868 
1.2886 
15904 
.2922 
15940 


.2967 

.29741 

5991 


66  J6  1.3008 


1.3025 


56.38  1.31M2 


1..W69 
1.3076 
1.3093 
1.3110 
1.3127 
1.3144J 


1.3161 
1.3178 
1.3194 
1.3211 

1.3227 
1  32^13 


Cor. 


3.15 


M  S 


Log. 


'•if: 


Cor. 


D  M 


56.  2il.3433i'19.  0 


67. 16!  1.4926 


20166 


25 
30 
35 
40 


56. 
56. 
56. 
56. 


1.3469 
l.m5 
1.3611 
1.3537 
9*1.3562 


1067.1711.4960 


lO^.lT  1.3711 


14.15*6.19 


20 
25 
30 


40 


20 
30 
40 


57.1911.4996 
67.20' 1.5031 
67.221.5066 


6057531.5101 


30 


60 


1.3735 


*6.!£0i  1.3769 
i65 1 '1.3783 


i652 


35*6541.3831 


i6.25 


14.461*6.26 
501*658 

16.  a66.30 
5«5.31 
1056.32 


15.1555.33 


20 


5«.34 


L3807 


1.3855 


1.3878 
1.3901 
1.3924j 
1.3947 
1.3970 
1.3993] 


21.  0 
10 
20 


M  S 


Log. 


20.  0  67 Jte  1.6136 
10  67.26i  1.6170 
20  57.271 1.6204 


57.29 


40  57.30 


67.31 


67.33 
57.W 


1.5238 
1.6271 

1.6304 


1.6338 
1.5370 


57.361.6401 


3057.36 
4067.37 
5067.39 


1.6432 
1.6463 
1.6494 


•^70167.4011.55251146 
1.5656 
1.6586 


1.4016  23.  Off7  46 


1.4039 


2^55.361.4061 
3066^  1.4083 
S5,5«.38  1.4105 
405639  U127 


15.46  56.40 
6066.il 


6 
10 


16.16 


25 


U171 
6556.4211.4193 
16.  056.431.4214 
56^411.4236 

56.45 


1.4149ii24.  057.63 
1057.64 


1.4258 


56.4611.4279 


2056.47 


56.43 


30l56.49 


1.4300 
1.4321 
1.4342 


S6|56.30 1.4363 
40166.61  ^.4384 


16.46  55.621 1.4U)6 


60 


66.63' 


665664 


17.  0 


5665 


10 


20 
26 
30 
36 


1067.41 
2057.42 
30  57.4311.5616 
4057.441.6646 
5067.4618676 


1067.47 
20  57.49 
3057.50 
4067.61 

6057.52 


1.5879 
IJ907 
20|57.65|l.6935< 


30  57.56 
40  67.66 
60  57.57 


666.56 


66.57 


14426 
1.V445 
1.4466 
1.4486 
1.4606 


17. 16166.58 
66.59 
67.  0 
57.  1 
67.  2 
40:67.  3 


1.4526 
1.4646 
1.4666 
1.4586 
1.4606 
1.4626 


1.3269 
1.3276^ 
1.32'.«1 


61  66.641 1. 3307 


646.>.66 


57 


.■)6.66 


6 
10 


13.  0^66.67 


66.59 
66.  0 


1.3323 
1 


13365 
1.3381 
1.3407 


17.4667. 

60o7. 

6.V57. 
18  .  0  67. 

1067. 

20i57. 


41.464^) 

4  1.4666 

5  1.1684 

6  1.4703 

8  1.4741 

9  1.4778 


18.:iO  57.11  1.4816 
M).57.13  1.4862 
5067.14  1.4888 


•Ap. 

Alt. 


D  M 


68.43  1.7617 
.->8.45  1.7568 


40.  0 


Cor. 


M  S 


Log. 


36.30 

37.  0 
3068.46  1  7618 

38.  058.47  1.7668 
58.49  1.7717 


30 

39.  058.50 


S9.30l68.61 


58.52 


30  58.531.7900 
41.  068.651.7946 
30|58.56  1.7987 
I.  0i6K.67  1.8028 


|42.30f68.68  1.8070 
!43.  0|58  59  1.8115 
90^.  01.8162 
44.  069.  1  1.8192 
30  60.  21.8230 
46.  0169.  311.8268 


47. 
48. 
49. 
50. 
61. 


1.6706 
1JS736 
1.5766 
1-5794 
1.6822 
lJ£i50 


1.5963i 
1.5990' 
1.60  IT 


15.  0  57.68 
2058.  0 
4058.  2 

26.0068.  4 
20  58.  5 
4068.  7 

57.  058.  9 
2038.10 
i  4068.12 
28.  0  58.13 
;  2068.16 


1.0044 
1.6097 
1.6149 
1.6201 
1.6261 
1.6301* 


59.  5jl.8338 
59.  7  1.8411 
59.  9  1.8478 
59.11  1.8647 
59.121.8611 
59.14  1.8676 


52. 
63. 

55. 
56. 
67. 


68. 

59. 
60. 
61. 
62. 
63. 


1.7766 


1.7810 
1.78M 


69  16  1.875i 
59.17  1.879^1 
59.19  IJBS^ 
5950  1.8900 
5952  1.8956 
50  23  1.9008 


5954 
6956 
59.27 
5958 
59.30 
59.31 


40  58.161.6691 


64. 
65. 

66 
67. 
68. 
69. 


1.6360 
1.6400, 
l.&t49{ 

l.G498iL:-. 
1.6645174. 


70. 
71. 
72. 
73. 


75. 


29.  068.18 
30  58.20 

30.  0  58.22 
305854 

31.  058.26 
I    30  58.27 


1.G635 
1.6702 
,6769 
1.6833 
1.689G 
1.6967 


32.  016859 
I  30(58.31 

33.  0  58.33 
3058.34] 

34.  068.36 
'    30  58.37 


36.  0  58.39 
:  3058.4011 
36.  0158.42 


1.9060 
1.9102 
1.9142 
1.9183 
1.9228 
1.9270 


50.321 1.9302 
59.33  1.9336 
60J5  1.9909 
59.3813404 
59.37  1.M38 
69  J8  1.9f71 


59.3911.9601 
59.40  1^528 
50.4213663 
59.4313979 
59.44  13603 
59.431.9055 


76. 
77. 
78. 

79. 
80. 
81. 


7018 
1.7079 
1.7140 
1.7202 
1.7262! 
1.7312' 


82. 
83. 
84. 
86. 
86. 
87. 


1.746(>  ;90. 


69.461.9643 

69.47  1.9660 

69.48  13676 

69.49  13098 
59.5013706 
50.61  1.9714 


69^  1.9722 
69-63  13729 
60.6413334 
59.66  13737 
59.66  1.9r739 
)69.67  I  9741 


•SOiiB  13742 
i59-59  13742 
60.  01.9742 
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WHEN  THE  Sl-N  IS  USED. 


i®^P-  Cor 
AH 

I)  M  M  S 


5.  0 
10 
20 
JO 
40 
60 


6 


0 
10 
^20 
30 
40 
50 


Lug. 


a0.l(JO9<>4. 
50.320.9766 
30.-ttO.iW8o 
61.  31.0000 
61.16  1.0113 
51.30  I  .a2  i;i 


51.12  l  .U.^?<i 
,61.561.0437 
162.  6  I  0.^1 
'62.17  l.<J64:i 
63.28  1.0742 
52.3lM.0;{n» 


7.  0 
10 
20 
.<0 
.15 
40 


d2.4o|1.093.» 
(62.5711. 1 
63.  Sjl.liSS 
63.1.5I1  1212 
5;V11>'1.1267 
53.23|I.1301 


7.46 
48 
61 
64 
57 

8.  0 


8.  3 
6 

e 

12 
16 
18 

8.21 
24 
27 
30 
33 

ae 


63.27!  1.1340 


63.30 
63.32 
63.a'> 
63.;n 
63.39 


63.41 
53.44 
53.4« 
63.48 
63.601 
63.52 


63  66 
63-57 
53..Wf 
64.  I 
54.  3 
64.  6 


8.3»  64.  7 
42  64.  9 
46  164.1 1 


48 
61 
54 


64.131 
64 
M 


151 


161 


8.67 
9.  0 
3 
6 
9 
12 


1.1371 
l.l.i97 
1.14231 
I.l4kt 
1.147 


i.uy.^ 

I.l62t 


1.16.V0 
1.1676 
1699 
1.1<)24 


l.lGii) 
1.1673 
1.169)! 
1.1722 
I  1746 
1.1770 


l.lT'il 
1.1818 
1.1B41 
1.1866 
1888 
1912 


5-4. 1 3 
54.20 
64.22 
54.24 
64 
64.271 


9.15 
18 
21 

24 
27 
30 


36 
39 
42 


261 


I.19;i.') 
I.l<t68 
1.1981 
1.20(H 
.2026 
1J2049 


54.291.2071 


54.31 

54.3;/ 
64.3.4 
54.36 

64.:w 


46  64.46 
48  54.48 


9.51 
64 
67 


64.491 
164^1 


1.2094 
I.21I6 
1.21391 
1.2161 

1.2U:3 


64.391  lji206 

54  43 
64.44 


1.2227 

1.224B 
1.2270 
1.2291 
1.2313 


1.23;H 
1  2366 
154^2)1.2376 


0V 

Alt. 


D  M 


Cor. 


10.  0 


64.64 
3164.65 
664.57 
9ld'4.68 
0 

65.  1 


1256. 


15 


lO.lH 


2155 
2465 


27 
30 

;i3 


10.36 


39  66 
4265 
46 
48 
61 


oo.ll 
13 
14 

6.5.16 


48  66 


1711.27-22 
156.18  1.2742 


11.12 
16 


1I.4« 
51 


54  55 


67 
It.  01 


.VI  S 


Log. 


2.J97 
.2418 
1*39 
2460 
24^1 


66.  31.2622 
2^ 
2563 

2683 
2t>0. 
2t)2,'* 


66. 
65. 
.'V6  10 


1.2643 
1.266;J 

1.270 


10.6-466.19  1.2761 
:j7  66 J»  1.2780 
11.  0  65.221.2799 
3  55.231.281]) 


6.55.24 


1.2a37 


9  66.261 1.*286( 


18165 
21 
24 
27 


66.271 1.2876 
66.23  1.2i;94 
2911.2913 
66.3011.2932 
66.3211.2961 
.56.33  K2970 


ll.;J066.:UJ1.2W!W 
3355.36  l  .'KXn 
36  65.361.3026 
39.55.38  1.3043 
42  66.39  1.3061 
4555.401.3079 


66.41 
166.42 


1.301*7 
1.3116 


4a  1.31331 
66.44^1.1161 
56.45  1.3169 
355.461. 31  J{7 


1. 

i.a^jjj 


D  MM  S 


Log. 


13. 15j66. 101 1.3692 
20|56.12  I  .u-.f) 
2656.131 

30  56.1.51 1  t-  w  J 
35l56.lt;  ! 
4056.17  1 


0Apj 
Alt 


D  M 


13.46 


5056 


6556.221.3803 


14.  0 

6 
10 


656.24 

56.26 


14.16 


20156 

26 
30 
35 
40 


14.4.1 
50 


56.19 
20 


56.23  1J828 


6657 
.28 
.56.30 
.56.31 
66.32 

66.3.; 


1.5.  0 
5 
10 


66  .;k) 
55j56.n 
36.;J!5 
66.39 
66.41 


1J761 
1 J777 


1.3853 

1.38781 


19.  0167.24 
.25 
.27 

.57. .10 
31 


1067. 

2067. 

4<) 
60167 


1J»0* 
1J029 
1.3054 

1.3979 
1.400'4 
1.4029 


66.^)  1 .4063 


16.16 
20 


26(56 
30 
36 
40 


lOili 


25 

30 

36 


4067 


12.  6|55.48 
9155.49 


12 
15 


56.51 


18|65.52 


5&50  1.3240 


1.3267 
1J276 


21  55.5;U.3292 


12.24^.54  1.3309 


27,55.55 


1.3326 


30'56  56  I  :».il3 
33,66.67, 1.33<i0 
36  56.6811.3377 
30155.5911. ami 


12.4256 


45 
48 
51 


13.  0 
5 
10 


1.3411 
1.3427 
1.34441 
1.3^161 
64156.  411.3478 
57  56.  51.34841 


56. 
56. 
66. 


0 
1 

2 

3 


56. 
5|56. 
56. 


1.3510 
1.5538 
1J)665 


17. 


.46 
50 
65 


I  .-4077 
1.4101 
1.412.5 
1 .4 1 49 
I.4I7 


66.42  1.4197 


56.43 
J.44 
66.46 
66.-46 
66.47 


16.4666.49  1.4336 
5066.50  1.4369 
6656.61  1.4382 
16.  0  56.62  1.4404 
566.63  1.4427 
10  66..'>4i  1.4449 


.56.65 


2056.56 


66.57 
66.58 
56.59 
0 


67. 
57. 
57. 


0*57. 
5|67. 


10 


17.16 


2067 
2667 
3067 
35(57 
40 


1.4221 

1.4244) 

1..4267i 

1.42H0 

1.4.313 


20.  067.33 
10|57.3^4 
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30  57.37 
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10 
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1.4-471 
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1.4515 
1.4637 
1.4559 
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1.-4602 
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1.4646 
1.4667 
1.4688 
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67. 
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7 
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9 
.10 
L57.il 


.4730 
.4761 
.4772 
.4793 
.4614 
.4836 


17  46)67 
60167 
65 
18.  0 
10 


20,57 


18.3067 
4067 
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57 

67 


12  1.4865 
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18 


1.4856 
1.48951 
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40 
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67.44 
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60 
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40 

60 
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.57.62 
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20|67..57 
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1058. 
20  58. 

30 
40 


26.  068 
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^    ,  Erplanation  of  Table  XIX. 

This  table  consists  of  two  parts,  for  finding  a  correction  of  the  moon's  distance  and  a 
logmithm  corresnonding :  they  are  both  in  the  same  page  from  the  beginning  of  the  table 
to  the  altitude  of  21  degrees,  after  which  tiie  correction  is  on  the  left  band  page,  and  the 
loganthm  on  the  right,  both  being  found  at  the  same  opening  of  the  book,  in  the  following 
manner. 

To  find  the  correction  of  Table  XIX. 

1.  Enter  the  table  marked  Correction,  and  find  in  the  side  column  the  moon's  apparent 
altitude,  or  the  altitude  next  less  if  there  be  any  units  of  miles  in  the  altitude  ;  opposite  to 
this  and  under  the  minutes  of  the  moon's  horizontal  parallax  will  be  the  approximate  cor- 
rection. 

2.  Enter  table  A,  abreast  of  the  approximate  correction,  and  find  the  seconds  of  the 
moon's  horizontal  parallax,  viz.  the  tens  of  seconds  at  the  side,  and  the  units  at  the  top, 
under  the  latter,  and  opposite  the  former  will  be  the  correction  of  table  A. 

3.  Enter  table  B,  Hbreast  of  the  approximate  correction,  and  find  the  units  of  miles  in  the 
moon's  apparent  altitude  (neglected  above)  opposite  to  which  will  be  a  number  of  seconds, 
which  being  added  to  the  corrections  found  from  table  XiX.  and  from  table  A,  will  give  the 
sought  correction. . 

To  find  the  Logarithm  of  Table  XIX. 
Enter  the  table  marked  Lngarithvu,  in  the  column  titled  at  the  top  with  the  degrees  and 
minutes  nearest  to  the  moon's  apparent  altitude,  and  find  the  logaritlim  corresponding  to 
tlie  moon's  horizontal  parallax  in  the  side  column,  or  the  nest  le^s  parallax  if  there  be 
units  of  seconds  iu  it.  Abreast  of  lhi.s  in  the  table  C,  opposite  tlie  units  «»f  !»econds  of  pe- 
rullax  neglected,  will  be  a  correction,  to  be  added  to  the  former  logarithm,  to  obtain  the 
loearithm  sought. 

It  was  obsen  ed  in  a  former  part  of  this  work  that  in  fixing  these  tables  so  as  to  render 
the  corrections  of  the  tables  A,  B,  C,  additive,  it  had  been  found  necessary  to  make  tbe 
greatest  corrections  correspond  to  0"  of  parallax  and  0'  of  altitude,  so  that  tchcn  you  Jmi 
the  exact  parallax  and  altitude  in  the  side  and  top  columns  of  table  XIX.  it  viU  stUl  be  nt- 
ccisary  to  refer  to  the  tables  A,  fl,  or  C,  to  take  out  the  corrections  corresponding  to  0"  of  pmrml- 
lax  or  (y  of  altitude.  'Jliis  is  evident  from  the  inspection  of  the  tables,  but  it  was  proper  to 
ranke  this  remark  as  a  caution  to  prevent  mistakes.  To  illustrate  these  rules,  the  following 
examples  are  given,  in  which  all  the  corrections  are  put  down  and  added  together,  but  after 
a  iillle  practice  it  will  be  verj'  easy  to  take  the  numbers  from  the  table  by  inspection,  and 
add  tiiem  togetlier  without  tlie  trouble  of  writing  Uiem  down  separately. 
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2029 


60 


61 


1955 


194J 

v.m 

1917 
1 905 
1892 
1380 


2374 

2360 
2346 


2329 
2316 
2302 
2288 


2278 
2264 


2371 
2357 
2343 


2223  2220 


2407 
2393 
2379 


2368  2366i2362 
2354  2352  2349 
2340  2338  2335 


2326 
2313 
2299 
2285 


227*2272 
2261  225R 


2250  2247  2244  2242  2239 
2237  2234  2231  2229  2226 


2210 
2197 
2183 


2170 
2157 
2144 
2130 
2117 
2104 


2091 
2078 
2065 
2052 
2039 
2026 


2207 
2194 
2180 


2167 
2151 
2141 
2127 
2114 
2101 


2088 
2075 
2062 
2049 
2036 


2217 

2204 
2191 
2177 


2404  2401  2399  2396:2394 


2390 
2376 


2387  2386 
23732371 
2360  2367 


2324 
2310 
2296 
2283 
2269 
2256 


2321 
2307 
2293 
2280 
2266 
2253 


2215 
2202 
2188 
2175 


2212 

2199 
2185 
2172 


216412162 
2151  2149 
213812135 
2124i2122 


2111 

2098 


2086 
2072 
2059 
2046 
2033 


202312020 


2016 
2003 
1990 
1978 
1965 
1962 


2109 
2096 


2083 
2070 
2057 
2044 
2031 
2018 


1K68 
1855 
1843 
1831 


1940 
1927 
1914 
1902 
1889 
1877 


1865 
1852 
1840 
1828 


1937 
1925 
1912 
1900 
1387 
1875 


1862 
1850 
1838 
1825 


2008 
1995 
1982 
1969 
1957 
1944 


1934 
1922 
1909 
1897 
1884 
1872 


2006 
1993 
1980 
1967 
1954 
1942 


2346 
2332 


2344 

2330 


2236 
2223 
2210 

2196 
2183 
2170 


2382 
2368 
2366 
2341 
2327 


2313 
2299 
2286 
2272 
2258 
2246 


2234 
2221 
2207 
2194 
2180 
216 


2159 
2146 
2132 


2156  2154 


2143 
2130 


21192117 
2106]2104 
20932091 


20802078 
2067:2065 
2054,2052 
20412039 


2141 
2128 
2115 
2101 
2088 


2380 
2366 
2352 


2161 
2138 
2126 
2112 

2099 
2086 


2311 
2297 
2284 
2270 
2266 
2243 


2391 
2377 
2363 
235Q 


2339  2336 
2325  2322 


2308 
2294 
2281 
2267 
2253 
2240 


2229  2226 
2213 
2200 
2186 
2173 
21632160 


2149,2146 
2136 
€123 
2110 
2097 
2084 


2075 
2062 
2049 
2036 


55028,-2026.2023 


2073 
2060 
2047 
20341 
2021 


2015  201312010  2008 


10032000 


1990 
1977 
1964 
1952 
1939 


1929 
1917 
1904 
1892 
1879 
1867 


1859  1857 


1847 
1835 
18SS 


1844 
1832 
1820 


1926 
1914 
1901 
1889 
1876 
1864 


1862 
1839 
1827 
1815 


1987 
1975 
1962 
1949 
1937 


1924 
1912 
1899 
1887 
1874 
1862 


1850 
1837 

1825 


1998 

1985 

1972 

1959 

191 

1934 


1921 
1909 
1896 
1884 
1871 
1859 


1847 
1834 
1822 


1813  1810 


1995 
1982 
1970| 
1957 
1944 
1932 


2071 
2068 
2046 

2032 
2019 
2006 


1919 
1907 
1894 
1882 
1869 
1857 


1993 
1980 
1968 
1955 
1942 
1930 


1846 
1832 
1820 

1808 


1917 
1905 
1892 
1880 
1367 
1855 


1830 
1818 
1806 


2068 
2065 
2042 

2029 
2016 
2003 


1991 
1978 
1965 
1953 
1940 
1927 


1915 
1902 
1890 
1877 
1866 
1853 


18431840 


182B 
1816 
1803 


• 

105 

Tablk  C. 

Cor  for  Seconds 

of  Parallax. 

Add. 

8. 

Cor. 

0 

12 

1 

11 

2 

9 

3 

8 

4 

6 

5 

5 

6 

4 

7 

2 

Q 
O 

1 

9 

0 

0 

12 

1 

9 

s 

8 

4 

7 

6 

5 

6 

4 

7 

3 

Q 
O 

1 

9 

0 

u 

0 

12 

1 

11 

2 

9 

3 

8 

4 

7  ' 
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6 

6 

4  • 

7 

3 

8 

2 

9 

0 

S. 

Cor. 

0 

12 

1 

11 

A 

10 

3 

8 

4 

7 

5 

6 

6 

6 

7 

3 

8 

o 

mm 

9 

1 

1     ■  a 

♦  I 
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TABLE  XIX. 


CORRECTION. 


CB  4) 

a.  " 


D  M 

25  0 
,10 
20 
30 
40 
50 


Horizontal  ParaHai. 


54'  ,  65^ 


11.53)10.59 


26 


27 


28 


29 


10 


20  12 


30 
40 
50 

0 
10 
20 
30 
40 
50 

0 
10 
20 
30 
40 
50 


0 
10 


20 
30 


11.57  11 
12.  Oil 

12.  an 

12^.  6 
12.  9 


2 
6 

9 

11.12 
11.15 


12.13111 .19 
12.16  11.22 
1911. 


12.2311.29 


12.26 


11.32 


12.2911.36 


be' 


10.  5 
10.  8 
10.11 
10.15 
10.18 
10.21 


57' 


25  10 


3411 


4C'  10.47 
11 .44  10.51 
11.48  10.54 
51  10.58 

11.55  n.  2 

12.52111.69  II.  5 


12.37 
12.41 
12 
12.48 


44  11 


12.5512. 
12.59  12. 
13.  312. 
13.  6 
13.10 


13.14  12.22 


13.19 
13 

13.27 
13.31 
40  13.35 
50' 13.39 


6 
10 


10.25 
10.28 
32 
10.35 
10.39 
10.42 


9.10 
9.141 
.17 
.20 
.24 
.27 


9.31 
9.34 
9.38 
9.41 
9.'i5 
9.49 


58' 


59' 


8.167.226.27  5 
8.197.256.31 
8.237.286.345 
8.267 
8.30  7. 
8.337.396 


37  7 


407 
447 


8. 
8. 
8. 
8. 

8.51 
8 


55  8 


9.531 
9.57 
10.  1 
10.  5 
10.  9 
10.12 


12. 
12. 


1411 


18 


23  12 


12.26 
30 
12.34 
12.38 
12.43 
12.47 


11 
11 
11 


11 
11 


9 
13 
17 

21 

25 
29 


11 
11 
11 
11 
11 
11 


34 

38 
42 
46 
60 
55 


10.16 
10.20 
10.24 
10.28 
10.32 
10.36 


10.42 
10.46 
10.50 
10.54 
10.58 
11.  3 


9. 
9. 
9. 
9. 
9. 
9. 


,32  6 
36  6 


60^ 


.38 
.41 


43  6.49,i5.56 
47  6.53  5.59 
606.566.  3 
487.647.  06.  7 
7.687.  46.11 
27.  86.15 


08 
48 


67 
107 


23  8 
27  8 
31 


9 
9 
9 

10. 
10. 
10. 


49  8 
53  9 

57  9. 


.30  7 
347 


8.397 
36  8.43  7 
40  8.47  7 
448.51 


8 


57 
1 

58 
9.108 
69.148 
109.188 


,45,5 


61' 


33 
36 
40 
5.44 
5.47 
51 


13  6.20 
17  6.24 
6 


88.147.21  6.2H 
11  8.187.256.32 
158.227.296.36 
198.267.336.40 


8 


37  6.44 
42  6.49 
46  6.53 
50  6.67 
54  7.  2 
7.597.  6 


Table  A. 
proportional  part  for  Seconds 
of  Parallax.  Add. 


0  63  52  51 


10 


20  35  34  33  32  31  30  30  29  28 17 
30  26  25  2423  22  21  20  20  19  18 


40 

50 


0  53  52 
10  44  43  42  41 


20  35  34  33:32  32  31  30  29  28  27 


30 
140 
50 


40 

50 


47. 
87. 


12 
16 
137.21 
17  7.25 
227.30 
26  7.34 


40 

50 


t4 


17 

8 


43  42  41 


16 
7 


26  25  24  23  23  22  21  2019 


17 

8 


0  52  51  60  W  48  48  47  46  45  44 


10  43  42 


17 

8 


52 


0 
10 

2' 

30  26 


17 

8 


15 

6 


50  49  48  48  47  46,46 


1413  12  11  11 


16 
7 


20  34  33  33  32  31 
30  26  24  24  232SS1 


16 
7 


51 


W  42  41 


2 
16 
7 


1014241 


30  26  24  23  22  21 


40 

5(» 


20  34I33  32  31  30  29  28  27  27,26 


16 
7 


16,14 
6  6 


41 


16 
6 


20  34  34  33  32  31 


iO 


40  39  3938  37  36 


51,50  49  49  48  47  46  45 


14 

6 


40  40  39  38  37  36 


1312 


1413  12 


15  14 


0  51 .50  49  48  48147  46  45  44  43 


41 


16  14 


13 
6 


26  24  23|22  21  20  19  19 


12 
4 


JO  39  38  37  36  35 


302928  27  26 


2019 


60  49  48  48  47  46  4644  9 


41;40  39  38  37  36  361 
30  29  28  27  26 


1413 


40  39  38  37  36  35  34j 


21 
12 

3 


18117 


EXAMPLE  I. 


i€  moon's  anparenl  altitude  44°  27',  and  her  horizontal  parallax  56'  55'A   Required  the 

and  logarithm .''  t 

>i  _  ^  A.-^  .  LofraritJim. 

In  Tab.xix.to  nearest  alt.44i'^  and  par.66'50"2088 
.  .  Tab.  C.  6"  parallax 

Sought  logarithm 


Given  the 
correction 

For  (he  Correction. 
In  Tab.  xix.  to  alt.  44^  20'  and  par.  56'  is  10'  Si" 
Tab.  A.  55"  parallax       ...  3 
. .  Tab.  B.  7'  altitude        .  .       .       ^  6_ 

Sought  correction        ,  .        20'  ^"1 

"  EXAMPLE  II. 

» • 

Given  the  moon's  apparent  altitude  60°  16',  and  horizontal  parallax  SO'  0".  Required  the  cor 
rection  and  logarithm 


For  the  Correction. 

\n  Tab.  xix.  to  alt.  50°  10'  and  par.  69^  is  22'  3" 
.  .  Tab.  A.  0"  parallax      ...  38 
.  .Tab.  B.  6' altitude        ...  4 


Sought  correction 


22/46" 


For  the  Logarithm. 
In  Tab.  xix.  to  alt.  50°  and  par.  69'  0" 
.Talj.  CO" parallax 

Sought  logarithm 


1925 


EXAMPLE  III. 


Given  the  nnran's  apparent  altitude  28°  27',  and  horizontal  parallax  5V  10".  Required  inc  cor- 
rection and  logarithm  ? 

For  the  Correction.  I  For  the  Logarithm. 

In  Tab.  xix.  to  alt.  28°  20'  and  par.  54^  is  \y  3"^ Tab.xix.to  nearest  ali.28°3()'and  par.54/ 10"  1364 
.  .  Tab.  A  10"  parallax         ...     43  Table  C.  0"  parallax       .       .       .  12 

.  .  Tab.  B.  7'  altitude  .      .      .  3j       Sought  logarithm     .      .      .  M66 

Sought  corraction  .      .        13'4^4  ^ 


TABLE  XIX. 


LOGARITHMS. 


M  S 


64 


55 


5G  0'i'ZH2m 

2196 

2182 
ilG*) 
2156 


57 


58 


59 


60 


61 


2;^8'J 
2375 
2361 
'»3-n 


2387|23»4 
2373  2371 


S3»2 
2369 
2355 
2341 

2334|2332|2329  2527  232612323 
2320  2318  2315  2313  2311  2309  2307  2304^2301  2299  22962293 


Apparent  Altitude  of  > 's  centre. 


I  o    /  ,o    7|0    t~o  To 


0  252012540  26  02^20  2640 27  012730  28  0283029 


2211 
2198 
2l8i 
2171 

2158 


'144 
21J1 
21 18 
2105 
2092 
2079 


2359 
2345 


2304 
2290 
2277 
22G3 
2249 
•^.236 


2274  2272 


2357 
2343 


2301 
2288 


i3m 

2367 
2353 
2339 


2299 
2286 


2261 
2247 
2234 


22592257 


224522432211 
22322230  22: 


2220 
2207 
219.1 
2180 
2167 
2153 


2297 
2284 

2270 


2218 
2205 
2191 
2178 
2165 
2151 


2142I2I40I2138 


2129 
2116 
2103 
2090 
2077 


2066 
2053 
20 10 
2027 
2014 
2001 


2064 
2051 
2038 

2025 
2012 
1999 


1989 
I97G 
1963 
1951 
1938 
1925 


1913 
1900 
1888 
1875 
1863 
1851 


1838 
1826 
1814 
1801 


2127  2125 
21142112 


2101 
20o8 
2075 


2099 
2086 

2073 


2UG2  2060 
204912047 
2036 
2023 


2034 
2021 
2010  2008 


2378 
2364 
2351 
2337 


2295  2293 
2282  2280 


2268 
2255 


2216 
2203 

2189 
2176 
2163 
2149 


2376 
2.362 
2349 
2335 
2321 


2374  2371 


2360 
2346 
2332 
2318 


2291 
2277 


2266 
2253 


2288 
2274 


2264  2261 


2214 
2201 


2212 
2199 


2187  2186 
2174  2172 


2161 
2147 


214612143 


213^1 
2121 


2136 
2123 
2110 
2097 

2084t2082 
2071  2069 


2058 
S046 
2032 

2019 
2006 


199711995  1993 


1937 
1974 
1961 
1949 
1936 
1923 


1911 

1898 
1886 
1873 
1861 
1849 


198511983 
1972  1970 
1959  1957 


1947 
1934 
1921 


1945 
1932 
1919 


1836 
1824 


1834  1832 
1822!  1820 


18 12' 18 10  1808 


1981 

1968 

1955 

1943 

1930 

1917 


2043 

2030 
2017 

2005 
1992 


1909il907 
139611891 
1884' 1882 
187l|l869 
1859:1857 
184711845  l:mll841 


1979 
1966 
1954 
1941 
1928 
1916 


2159 


2210 
2196 
2183 
2170 
2156 


2132'2130 
2II9I2II7 
2l08l2I06i2104 
2096  2093  2091 
2080 1 2078 
20672065 


2056 

2041 

2028 
2015 
2003 

1990 


1977  1975 
1964  1962 


1830  1829 
1818|l817 
1806  1805 


1952 
1939 
1926 


19141912 


1901 
1889 
1876 
1864 
1852 
1839 


1799  17981 17961 17941 1792 


1827 
1816 
1803 
1790 


2205 
2191 
2178 
2165 
2151 
«138 


2127 
2114 
2101 


2088  2086 


2075 
2062 


2049 
2036 
2023 
2010 
1997 
1934 


1949 
1937 
1924 


1899 
1887 
1874 
1862 
1849 
1837 


1972 
1959 
1946 
1934 
1921 
1909 


1896 
1884 
1871 
1859 
1846 
1834 


1825  1822  1819 


1813 
1800 
1788 


1810 
1797 
1785 


2324  2321 
2310  2307 


2283 
2269 
2266 
2242 
2228 
2215 


2125 
2112 
2099 


2073 
2059 


2046 
2033 


2007 
1994 
1982 


1969 
1956 
1944 
1931 
191R 
1906 


1893 
1881 
1869 
1856 
1844 
183*^ 


1807 
1795 
1783 


2202 
2188 
2175 
2162 
2148 
2135 


2044 
2031 


2020  2018 


2005 

1992 
1980 


1967)1964 
1954  1962 


1942 
1929 
1916 
1904 


1891 
1879 
1867 
1854 
1842 
1830 


1817 
1805 
1793 
1781 


1939 
1927 
1914 
1902 


1889 
1877 
1864 
1852 
1839 
1827 


1815 
1803 
1791 
1778 


Tabi.k  C. 
Cor.  for  Seconds 
of  Parallax. 
Add. 


1 

s- 

1 

Cor. 

0 

12 

1 

11 

2 

9 

3 

8 

4 

6 

5 

5 

6 

4 

7 

2 

8 

1 

9 

A 
U 

0. 

0 

12 

I 

11 

2 

9 

3 

8 

4 

7 

6 

5 

6 

4 

7 

3 

8 

1 

9 

0 

0 

12 

1 

11 

9 

3 

8 

4 

7 

6 

6 

6 

• 

4 

7 

S 

8 

2 

9 

0 

S. 

Cor 

0 

12 

1 

11 

2 

10 

3 

8 

4 

7 

6 

6  ' 

6 

5 

7 

3 

8 

2 

• 

9 

1  • 
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TABLE  XIX. 

CORRECTION. 


IX  M 

.0 


J2 


0 
10 
20 
30 
40 

0 
10 

20 
30 
40 

50 

Ti 
10 
iO 
30 
40 
50 


{3 


55 


J's  Horizontal  Pnrallai. 


54' 


13.43 
13.47 
13.51 
13.55 
13.59 
14.  3 


14.  9 
14.13 
14.17 
14.21 
14.26 
14.30 


12.51 
12.5 
12.69 
13. 
13.  8 
13.12 


5512 


5t)'  I  57 


11 
2 

12 


59 
3 
7 
12 
12. IG 
12.20 


312 


13.17 
13.22 
13. 2G 
13.30 
13.35 
13..'^y 


0 
10 

20 
3*) 
40 
50 


0 
10 
20 

30 
40 
50 

"o 

10 
20 
30 
40 


15.  2 
15.  7 
15.12 
15. IG 
15.21 
15.26 


15 
15 
15 
15 
15 
15 


14.12 
14.17 
14.22 
14.26 
14.31 
14.36 


12.26 
12.30 
12.35 
12.39 
12.44 


II.  7 
11.11 
11.16 
11.20 
11.24 
11.29 


11.34 
11.39 
11.43 
11.48 
II  .53 


5y' 


10.15 
10.19 
10.24 
10.29 
10.33 
10.37 


59' 


10.4.i 
10.47 
10.52 
10.57 
11.  2 


12.48  11.57  11.6 


14.35  13.44  12.53  12.  2 
14.39  13.48  12.57  12.  7 
14.4313.5313  2  12.11 
14.48  13.57  13  .  7  12.16 
14.52  14.  2  13.11  12.21 
14.67  14.  7  13.16  12.26 


13.22 
13.27 
13.31 
13.36 
13.41 
13.46 


31 
,35 
,40 
.45 
.50  15 


55 


14 
14 
14 
14 


15 


41 

46 
50 
55 
0 
5 


16. 
16. 
16. 
16 

16. 
>0ll6 


0,15 
5jl5 
10(15 
16  15 
2016 
35  16 


13.51 
13.56 
14.  1 
14.  G 
14.11 
14. 16 


II  14.2' 
16|14.27 
21  14.32 


26 
32 


14.38 
14 


37114.45 


12.31 
12.36 
12. -W 
12.46 
12.51 
12.66 


13.  1 
13.  6 
13.11 
13.16 

13.22 
13.27 


11.11 
11.16 
11.21 
11.25 
11.30 
11.35 


11.41 
11.46 
11.51 
11.56 
12. 
12.  6 


13 
13. 
13. 
13. 


33 
38 
43 
49 

43113.54 
69 


12.11 

12.17 

I  CI  an 

12.27 
12.32 
12.38 


9.23 
9.27 
9.32 
9.37 
9. 41 
9.46 


60' 


61' 


8.31 

8.35 
8.40 
8.45 
8.49 
8.54 


9.51' 
9.56 
10.  1 
10.  6 
10.10 
10.15 


9. 
9. 
9.10 
9.14 
9.19 
9.24 


10.20| 
10.25' 
10.30 
10.35 
10.40 
10.45 


10.51 
10.56 


11 
11 
11 
11 


1 
6 
11 
17 


11 
11 
11 
11 
11 
11 


27 


9.29 
9.34 
9.39 
9.44 
9.49 
9.54 


10.  1 
10.  6 
10.11 
10.16 
10.21 
10.27 


2210 


10 


32iI0 


38 
43 
48 


13. 


12.4411 
12.49 
12.54 
13. 
13.  5 
13.11 


12 
12 
0il2 
12 
12 


55 
0 
6 
11 
17 
.22 


10 
10 

10 


32 
37 
43 
48 
54 
59 


11 
11 
11 
11 
11 
11 


11 
17 

22 

00 


39 
44 

48 

53 
58 
3 


8. 
8. 
8. 
8. 
8. 
8. 


9 
13 
18 

23 

28 
33 


Table  A.  1 
Proportinnal  part  for  Seconds' 
of  Parallax.  I 
Add. 


S. 


0' 


051 
10  42 


20 
30 
40  17 
50 


8 

O.-iO 
10  41 


20  33  32  31 


8. 

8. 

8 

8. 

8 

9 


38 
43 
48 
54 
59 
4 


,10 
15 
21 

,26 
,31 
.37 


9 
9 
9 
9 
10 
10 


.421 
.48 
.53 
.59 
.  4 
.10 


10 
10 
10 
10 
10 
33110 


;30 
Mi 
'yO 


10  42  41 


40 
50 

0 


16 

22 
28 
33 
39 
.45 


3433 


16 
7 


'I// 


5 ''  6"  7"  8"|9^¥| 


50  49  48  48  47  4^  45  44 
42  4140  3938  3736  36  35 


1  .30  29  29  28  27  26 


16 
7 


15 

6 


15 

6 


49  48 
41 


14 
6 


13 
4 


40  39  38  37  36  35 


24  24  23  22  21  2019 


14 

6 


30  49  48  47  47  46  45  44 


2.J 
16 
8 


20  32  31 


24  23  22 


20  33  32  31 
30 
40 

50 


15 
7 


0  49  48  47  46  46  45  44  4:^ 
10  41  40  39  38  37  36  36  36  34  S3 


30  24,23  22 


31 


16 \j 
7  6 


49 


10  41  40  3938  37  37  36  36  34  33 


20  32  32  3130  2928  28  27  26  25  : 


3024  23  23  22  21 


4016 

50 


4015 

50 


15 
7 


30  30  29 


13 
6 


21  " 
12 


11 

3 


12I2II 


1514 


121 
13 


14 

6 


48  47  47  46  46  4443  4242 


16 
6 


21 
IJ 
5 


2019 


47147  46,46144  43  42 
3634 

"8127 ' 
18 


40  39  38  37136  86 
31 


30l£9  28  27  26126 
18 

9 


20  20 
12 


4|  4 


11 

3| 


30  29  28  27  26  26  26 


21 
12 
4 


30  24  23  2221  20  19  19 


141312 


14  1413  1111 


0  48  47  46  46  45  44  43  42  41  41 

1 0  40  39  38  37  37  36|35  34  33  33 
20  32  31  30  29  28  28i27  26  26  24 


20 
11 
3 


19 
11 
2 


20 
4 


19 
1 
3 


11  II 

y  2 


43,42 
35^34 


SXAMrLE  IV. 


Civrn  tlic  moon'<  npparcut  aliitude  76°  36^  and  licr  horizontal  parallax  56'  18".  Required 
correction  and  loeariihin  P 


For  tlu  Correct'um. 
In  Tab.  xLx.  to  alt.  76°  30'  and  par.  56'  b  46'  37'- 
. .  Tab.  A.  18"  parallax  ...  10 

. .  Tab.  B.  6'  altitude  ...  6 


Sought  correaion 


46' 53" 

EXj^MPLE  V 


For  t)ie  Lntrarithm. 
luTah.  xix.  loncarest  all.  77^  and  par.  56'  10''2110 
..  Tab.  C.  8"  parallax  .  

Sought  logahihm         .      .       .  211 


I 


Ciiven  the  n\oon's  apparent  altitude  16°  25'  aod  her  horizontal  parallax  68'  45  ^  Required  the  cor>| 
reel  ion  and  logarithm  ?  _ 

~  For  the  Ixi^ftrithm. 


For  the  Correction. 
In  Tab.  xix.  m  ah.  16°  20'  and  par.  58'  is 
.  .  Tab.  A.  46"  parallax  c 
.  .  Tab.  B.  5'  altitude 

Sought  correction  • . 


6'  17" 
14 

 0 

&  31" 


Tab.xix.to  nearest  alt  ie^  20*  and  par .58' 40"  is 
Tab.  C.  6"  parallax 

Sought  logarithm 


Digitized  by  Goo 


'5 


TABLE  XIX. 

LOGARITHMS. 


109 


Apparent  Altitude  of  > 's  centre. 


M 


65 


36 


S|30 


0jS360| 
10£34€ 

2o!2333 
30|2319 
4012305 


30 


0 
10 

20 
30 


2291 


2278 
2264) 
2251 
2237 
14012224  2221 
60  2211  2208 

0 


2197 
1012183 
202170 
302157 
4021441^141 


57 


50 

0 
10 


£0  2091 
30  2078 
40  2065 
602062 


58 


0  2039 
10  2026 
ISO  20 13 
30  2001 
401988 
50  1975 


69 


0  i%i 

10  1950 
iO  1937 
301926 
(401912 


60 


61 


2130 


2117 


30^0  3  P 


2358  2356 
2344  2342 
2330!2328 
2316  2314 
2302|2300 
22n9|2287 


31i^ 


2354 


2340  2338  2336 


2326 
2312 
2298 
2285 


2275i2273 
226212260 


22482246 


2235 


2194 
218  J 
2168 
2155 


2233 
2219 

2206 


2271 
2268 
2244 

2231 
2217 
2204 


2192 
2179 
2166 
2153 
■2139 


2128  2126 


2115 


210412102 

2089 


2113 
2100 
,2087 


2076(2074 
2063  2061 


2050 


2048 


2037  9035 
20242022 


50 


0  1887 


1900 


10  1875 
30  1862 
30  1850 
|40  1837 
50  1825 

"o 

10 
20 


1813 
1801 
1789 
30II776 


2011 
1998 
1986 
1973 


2009 
1996 
1984 
1971 


2190 
2177 
2164 
2150 
2137 
2124 


2111 

2098 
2085 
2072 
2059 
2046 


2033 
2020 
2007 
1994 
1982 
1969 


1960,1958  1956 
19481 19461 1944 
1935' 19331 193 1 
1923^1921  1919 
19 10' 19081 1 906 
1898  1896' 1 894 


1885  1883 
1873'1871 
1860  1858 
1848  1846 
1835,1833 
1823  1821 


1811 


1809 


1799,1797 
178711785 
1774  1772 


32=  j32i 


2352 


2324 
2310 
2296 


2283  2281 


2269 
2256 
2242 
2229 
2215 
2202 


2188 
2175 
2162 
2148 
2135 
2122 


2349 


2322 

2308 
2294 


2267 
2264 
2240 
2227 
2213 


2186 
[2173 
2160 
2146 
2133 
2120 


330  1334 


2347 
2334 
2820 
2306 


2279 


2252 


2345 
2332 
2318 


2304  2302 


22922290 


2277 


22652263 


2238r2236 


2225 
2211 


22002198 


2184 
2171 
2158 
2145 
2131 


2209 
2196 


2182 
2169 
,2156 
2143 
2129 


340 


2344 
2330 
2316 


2289 
2275 


2262 


2260  2248 


2234 


2223  2221 


2208 
2194 


2118  2116 


2181 
2168 
2154 
2141 
2128 
2115 


2107  210512103 
2094  209212090 
2081  2079  2077 
206812066 12064 
2051 
2038 


2109 
2096 
2083 
2070 

2057 12055'2053 
20  H  ,  2042  2040 


2031  202912027  2025 
2018  2016  2014  2013 
2005  2003'2002;2000 


1 993' 1991 
1980,1978 
1967  1965 


1954'I952 


1989  1987 
1976  1974 
1963J1961 


1951,1949 


1942  1940  1938  1 936 
I925I1923 
191311911 


1929  1927 
1917.1915 
19Oi;i902 
1892;  1890 


1807 
1795 
1783 
1770 


187911877 
1 867' 1 865 
185411852 
1842;  1840 
183011828 
I8I7II8I5 


1900 
1888 


1875 
1863 
1851 
1838 
1826 
1814 


1805 
1793 
1781 
1769 


1803,1802 
I79l!l789 
1779,1777 
176711765 


1898 
1886 


1873 
1861 
1849 
1836 
1824 
1812 


1800 
1787 
1775 
1763 


2102 
2089 
2076 
2063 
2050 
2037 


34i^ 


35"^ 


2342 

232»]2326 


2314 
2300 
2287 
2274 


<^340i2338 
2324 
2311 

2297 
2283 
2270 


2313 
2299 
2285 
h>272 


2260 
2246 
2232 
2219 
2206 
2192 


2258 
2246 
2281 

2218 
22041 
2191 


2179 
2166 
2152 
2139 
2126 
2113 


2177 

2164j 

2151 

2138 

2124 

^111 


2024 
2011 
1998 
1905 
1973 
1960 


1947 
1935 
1922 
1910 
1897 
1885 


1872 
1860 
1847 
1835 
1823 
1811 


1798 
1786 
1774 
1762 


2100 
2087 
2074 
2061 
2ai8 
203^ 


2022 
2009 
1996 
1 983 
1971 
1958 


1945 
1933 
1920 
1908 
1895 
1883 


1870 
1868 
1845 

1833 
1821 
1809 


1796 
1784 
1772 
1760 


2098 
2085 
2072 
2059 
2046 
20331 


2020  20 
2008 
1995 
1982 
1969 
1937 


1944 

1931 

1919 

1906 

18941 

1881 


1869 
1857 
1844 
1832 

1820 
1807 


35^^ 


2256 
2243 
2229 
2216 

2202 
2189 


2175 
2162 
2149 
2136 
2122 
2109 


2096 
2083 
2070 
2057 
2044 
2031 


2018 
2006 
1993 
1980 
1967 
1956 


1942 
1930 
1917 
1904 
1892 
1880 


1795 
1783 
1771 
1759 


1867 
1855 
1842 
1830 
1818 
1806 


1793 
1781 
1769 
1757 


Table  C. 
Cor.  for  Secondfl 
of  Parallax. 
Add. 


S. 


0 

1 

o 

3 
4 
6 
6 
7 
3 
9 


.or. 


12 
11 

a 

8 

7 
5 
4 
2 
1 
0 


s. 

Cor. 

0 

IZ 

1 

11 

a 

n 

9 

Q  1 

If 

7 

•> 

8 

1 

9 

0 

S. 

Cor. 

0 

1 

11  ' 

2 

9 

3 

8 

4 

7 

5 

6 

6 

4 

7 

3 

8 

2  i 

9 

1  •  > 

S. 

Cor. 

0 

12 

1 

11 

2 

10 

3 

8 

4 

7 

6 

6 

6 

5 

7 

3 

8 

2 

9 

1 

110^ 


TABLE  XIX. 


CORRECTION. 


> 's  Horizontal  Parallax. 


M 

0 
10 
20 
30 
40 
50 

0 

10 
20 
30 
140 
60 

0 
10 

20 
30 
40 

50 

~0 
10 
20 
30 
40 
30 

0 
10 
20 

30 
40 
50 

41 '~0 
!lO 
20 
30 
40 


54'     55'     6fi'  I  57'     bti'     51)'     60'  61' 


I5O1 


15.43 
15.48 
42  15.53 
15. 5C 
16.  4 
16.  9 


6.31 
6.36 
6 

6.47 

6.52 
6  57 


7.  2 
7.  7 
7.13 
7.18 
7.23 
7 


7.35 
7.40 
7.46 
7.51 
7.57 
8.  2 


29  16 


16.14 
16.20 
16.25 
16.30 
16.36 

n 


16.48 
16.53 
16.59 
17.  4 
17.10 
17.15 


8.  817 
8.13  17 
8.19  17, 
8.2417, 
8.30 
8.36 


8.42 
8.48 


5418 


59 
5 


9.11 


D.I  8 
9.23 
9.29 
9.35 
9.41 
9.47 


17 
17 


2] 
27 
32 
38 
44 
49 


14.54 
15.  0 


15. 
15, 
15. 


5 
10 
16 


15.21 


15.26 
15.32 
15.37 
15.43  14 
15.48 
15.54 


16.  0 
16.  6 
16.12 
16.17 

16.23 
16.29 


16 
IG 
16 
16 
16 
17 


34 
40 
46 


57 
3 


17 
18 


18 
18 
18 


56 
ft 

mm 

8 
14 
19 

25 


17 
17 
17 
17 
17 
17 


18.32 
18.38 
18.44 
18.50 
18.56 
19.  2 


10 
16 

28 
34 
40 


14.  6 
14.11 


14 
14 
14 
14 


17 

,27 
,33 


12.29 


14.38 
14 


14.50 
55 


15 

15 


13.60 
44  13.56 
14.  2 
14.  8 
14.13 
14.19 


15. 
15.19 
15.25 
15 

15.36 
15.42 


1314. 


15. 
15. 
15.59 


52  16 


16.11 
16.17 


17.47 
17.53 
17.59 
18.  5 
18.11 
18.17 


16.24 
16.30 
16.36 
16.42 
16.48 


13.17 

13.2312.34111 
13.28 
13.? 
13.39 
13.45 


3412 


26 
14.32 
14.37 
30  14.43 
14.49 
14.55 


48  i5. 


5415. 


15.13 
15.19 
15. 25 
15.31 


16.55  16.  9 


17.  2 
17.  8 
17.14 
17.20 
17.26 
17.33 


16.39 
15.44114 
15.51 
15.57 
16.  3 


16.16 
16.23 
16.29 
16.35 
16.42 
16.48 


12.40 
45 
12.51 
12.57 


13. 
13. 
13. 
13.20 
13.26 
13.32 


1412 


13.38 
13.44 
13.50 
13. 56 
14.  2 
14  8 


14 


14. 
14. 
14.27 
14.33 
14.39 


15.31 
15.37 
15.44 
15.50 
15.57 
16.  3 


11.40 
46 
11.51 
11.57 
12.  3 
12.  9 


12.15 
12 . 20 
26 
12.32 
12.38 
12.44 


12.51 
12.57 


13 
13 
13 
13.22 


3 
9 

1512 


13. 2H 
2013.34 
13.40 
13.46 
13.53 
13.59 


14.5-2 
.69 
15.  5 
15.1lri4 
15.17 
15.24  14.38 


14 
14 
14.19 

25 
14.32 


14.46 
14.52 
14.59 
15.  5 
15.12 
15.19 


Table  A. 
Prop,  part  for  Secondsof  Paral . 
Add. 


10.51 
10.57 
11.  3 
11.  9 
11.15 
11.21 


11 .271 
11 .33 
11.39 
11.45 
11.51 
11 .67 


0"il 


0  47  46  4v> 
I0I39  38  37 
29 
21 


20  31 


30  23  22 
15 
7 


40 

60 


0  47  46  4o  4.) 


1 0  39  38  37  37  36  35  34  34  33  32 


20  31 


12.  4 
12.10 
12.16 
12.22 
.29 
12.35 


12.41 
12.47 
12.54 
13.  0 
13.  6 
13.13 


13  13 


13.20 
.27 
13.33 
13.40 
13.46 
13.53 


14.  0 
14.  7 
14.14 
14.20 
14.27; 
14.34 


30  23  22 


40 
50 


0 


3029  28  28  27  26  25  24  24 


14  13 


30  30  29 


15 
7 


046|45  44  444342  41  41  !(►  39 
10  38  37  37  36  35  34  "3  33  ,32  ^  1 


20  30  30  29  28  27  26 


3022  2221 


40  15 

50 


46 


10  38 
20  31 


30 
40 
50 


0  45  44  43  43 


10  37  37  36  35  34  34  33  32(31 
20  30  29  28  27  27  26  25  24  U  23! 


30  22 


40 

50 


10 
20 
30 
40 
50 


23 
15 
7 


15 
7 


29 
21 
14 
6 


14 
7 


1413  12 


14 
7 


21 
14 

6 


0  44  43  42  42 


21 
13 

6 


3"  4"  6"  6"|7"  8"  9"  M 


45  44  43  42  41 

37  36  35  34  33  3; 


20  20  19  18 


22 
14 
6 


21 
14 

6 


21 

13 
5 


20 
12 
5 


12 
4 


21 
13 

5 


20 


13 
5 


12 
5 


19 
12 
4 


12 
41 


44  43  42  41  41 


20 
12 
4 


20  20 


12 
41 


12 


2019 


11 
41 


1 


19191 
12 
4 


45  44  44  43  42  41  41  40  39 
37  37  36  35  34^34  33  32 
30  29  28  27  27 16  25  24  24 


18  17 
10  Id 
3  2 


36  36  35  34  3333  32  31 


8  27  27  2625  2424  23  22 


18 
11 

3 


24  23 
15 


0 


41'40  4O39 


41  40  39  39  38  37 


1716  15 


1 


15 


IXAHPLE  VI. 


Given  the  moon's  apparent  altitude  11^  20^  and  horizontal  parallax  60'  45".   Required  the  coi^ 

pcctioii  and  logarithm 

To  find  the  Loearithm. 
Tab.  xix.  to  nearest  alt.  1 1°  20'  and  par .  (KK  40" 


gar  . 

lo  find  the  Correction, 
In  Tab.  xix.  10  'alt.  11^  20' and  par.  is  60' 4^  30" 
. .  Tab.  A.  43"  parallax         ...  16 
. .  Tab.  B.  0  altitude  .       .       ^  2 

Sought  correction 


4'  4«" 

EXAMPLE  TU 


lab.  C.  3"  parallax 
Sought  logarithm 


Giren  the  moon's  apparent  altitude  2P  40'and  horizontal  parallax  56'  20^' 
and  logarithm  i 

To  find  the  Correction,  To  find  the  Logarithm 

In  Tab.  xix.  to  .ih.  8°  4^  and  par.  56' is  9'  18"  Tab.  xix.  to  nearest  alt.  U^' 39K  and  pa 
.  .Tab.  A.  20^' parallax  .38 
.  .Tab.  B.  0'  altitude  .         .  5 

10  1'^ 


2061 


Required  the  correctiao 


Sought  correction 


Tab.  xix.  to  nearest 
Tab.  CO" parallax  . 

Sought  logarithm 


and  par.  5G'  20"  2513 
2531 


• 


Digitiz 


TABLE  XIX. 

LOOAEITHMS. 


"I 


54| 


55 


!56 


57 


0233 
10  2323 


20 
30 
40 
50 


2309 
^296 
228J 
2268 


0  2255 
10  224] 
2228 

"214 
2201 
2188 


20 

30 
40 

50 


U 
10 
20 

30 
40 

M 

"o 


58 


2095 
2082 
2069 
2056 
2043 
5012030 


10 

20 
30 
40 


69 


GO 


61 


0 
JO 
20 
30 
40 
50 

~0 
10 
20 
30 
40 
50 


2174 
2161 
2148 
2135 
2121 
2108 


2017 
2005 
1992 
1979 
19G6 
19541 


0 
10 
20 
30 
40 
50 

0 
10 
20 
30 


1941 

1929 
I91G 
1903 
1891 
1879 


1866 
1854 
1841 
1829 
1817 
1805 


1792 
1780 
1768 
1756 


36io  37° 


Apparent  Altitude  of  > 's  centre 
37Joj380  |38J0  390  39^"  40° 


2335  233^1 
2321  2320 
23072306 

2294|2293 
2280|2279 
2266!2265 


2253|2252 

223912238 

2226  2226 

22122211 

2199'2198 

2186i2185 


2173 
2159 
2146 
2133 
2119 
2106 


2171 
2168 
2145 
2132 
2118 
2105 


209312092 


2080 
2067 
2054 
2041 
2028 


2016 
2003 
1990 
1977 
1965 
1952 


2079 
2066 
2053 
2040 
2027 


2015 
2002 
1989 
1976 
1964 
1951 


2332 


2318  2317 


2304 

2291 


2277  2276 


2264 


2236 
2223 
2210 
2196 
2183 


2h)y 
2156 


2331 


2303 
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76212 


.70034  6988069725 
.'691 19  61961  688!  1 68660(68610|68961 


67916 
67040 


70503 
69671 


75147 
74107 
73093 

72103 
71136 

703  U'j  70190 
69418  69265 


6776967622 
668'J*;  66752 


64791  64666  64619 


.6.3978 
.63181 


.624(K) 


66J24 
65481 


63845 
63050 


62271 


66182 
65342 


63711 

62919 


66UU 
65204 


6.3578 
62789 


65900 
65066 


6438364248  64113 


63445 

62659 


62142|62014  6ISH7 


67476 
66609 


65760 
64928 


63313 
62529 


617.-)9 


5A0 


.  6 1 63216 1 506^6 1 380  6 1 254i 6 1 1 29  6 1 004 
.60879  6076iM60691 60906  60986  6026t 

.601 40  600 1 8  .'59^97  59775  596.54  59534 
.69414i69»4|69176i69066:68937i6g8l8 


MIDDLE  TIME. 


0  Htum: 


10' 


20"  30" 


olliif.  Neg 
0i2. 

1<2. 94066 


3. 
3. 


3.417^6  44144146371 
9.64t89  66061 


5 
6 
7 
8 
9 


10 
11 
11 
12 
13 
14 


16270i4637 3.63982 


40" 


76476 


!  11:17 


00r79|06578  1 169l|l6269 

■27r,r,:;i;v»88:  .;;;;57h  36681 


9.6997^ 

3.71895 
3.78588 
3.84385 


65402 

73085 
79609 
852ii0 


9.8949890194*91076 


3.94071 

3.98207 
4. 

4.01983 
4.06466 
4.08671 


16 
17 
18 
19 


20 
21 

22 
23 
24 


25 
26 
27 
28 
29 


30 
31 
32 
33 
34 


35 
36 
37|4 

38 
39 


40 
41 
42 

43 
44 


45 
46 
47 

48 
49 


4. 1166.{ 
4.14461 
4.17090 
4.19567 


4.21910  22289 


24133 
.26246 
.28260 

,30185 
.32026 


4.337!>3 
4.35489 
4.37121 
4.38692 
4.40209 


4.48323 
4.49636 
60716 

4.51 864 
4.. 5298 


4.54070 
4.55131 


4.66166  66996 


4.57176 
1.58163 


67764  69409  6098S 


66781 


48490 


60" 


86167 

20408 
.39313 


5051052440 


68117  6941370672 


7424275370 
8060718 15J;3 


86157 


94788 

93860 

02581 
06008 
0918409691 


96494  961tt8t96872{97646 

99503 


03172 


12142112616 
1491lll5355j 


17513 
19967 


24492 
26588 
28587 
30497 
32326 


.MOftn 
35765 
37387 
38949 
40456 


17932 


87017 
91846 


00136 
03754 


62506 


7646y 
n2537 
87860 


00761 
04329 


06554  07093  07626  08161 


10199  10688 


130i!5 
15796 
18346 


2036320755 
22664  23036 


24849  25202  25553 


775-12 
83471 
88686 


9S600  99941 


01376 
04896 


11178 


13549  14007 
16231 16663 
18757  19164 
2114321529 
2340429770 


26928  2726.; 
2891 1  ' 
30807 
32623 


31115 
32919 


{4.i65 
J6U40 
.37651 
39204 
40702 


363  K 
37914 
39457 
40947 


4 . 41 673  4191 2  42 1 50  42386  42622 
4 .43088  43320  43550  43779  44007 
4 . 44469  44683144906  46 1 27  46348 
4 . 4.5786  46003^6219  46434  46648 
i. 47073 47284  47494'47702|479 10 

48527  4n7.n 
49735  49933 


6091061102 


52052 
53165 


54249 
55306 


51 
62 

53 
54 

55 
56 
67 

58 


4 . 59 1 27  59285  594-13  59600 
4 . 60069  60223  60378  60532 
4.60990  61141  6129961443(6 

4.61891  r.2039  62187  6233-1 
4 . 62773  6291 8  63063  63207 


50  4.636.n 


4.67703 
4.68471 
4. 

4.69963I70OR.') 


57:J43 
58325 


52240 
53347 


iH934 
50130 


52426 
53529 


54^127  5460  J 
55479|55652 
66606166674 

57508L57673 
58487586-^8 


6377y 
64622 


4 . 64483 

4 .6691si65446K>9084{65720 
i.  66116  6625P 
4.66922 


67053 


67832 
68697 


63921 
64761 


66392 


6718467314 


67961 
68723 


69114  69948  69«71 69695  69718|69841 


_  .    70206 

69i4 . 70689l708O9i70928 


64062 
64899 


66525 


68089 
68849 


275yy 

29553 
31421 
3.3212 


34931 

.{(i:)ij4 

38175 


.3521 1 
36:!53 
38434 
39709  39960 


41190 


491.% 
50326 
51294151485 
52612 
53710 


>4780 
55824 


2.')yoi 

27031 
29870 
31725 
:J3503 


41432 


42856 
44233 
45568 
46861 
48117 


49336 
50622 
51675 
52797 
53891 


56842  57010 


67837 
58808 


9757 
60685 
1593 
62481 
63351 


66658 
674^44 


68216 
68974 


54956 
55996 


68000 
58967 


64203 
6.5037 
65855166990 


59913 
60838 
61741 

62627 
63-194 

64343" 
65175 


^6790 
67574 


68344 
69099 


70328 
71047 


70449'70569 
71166171285 
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TAri.K  XXIII. 


To  find  the  Liititiule  by  two  Altitudes  of  the  Suit. 


HALF  ELAPSKD  TIMK 


I  HOUR. 


i  lO'  1  20"  I  3(y 


0  0.. 08700 
10.57999 
10. 57.}  10 
0.5ti(J33 
0.5/i966 


50 
60 

7'0, 

8;0 

910. 


5:yMi 
546GG 
54031 
53406 
52791 


10 


II 
12 
130 


14 


0 


0 


52I8G 

.51002 
50423 

49!j;>2 


15 
16 
17 
18 

19 


0.49290 
0.48736 
0.48189 
0.47650 
0.47119 


20  0 
210 

22  0 
23|0 
24!0_ 

"25|0 
2610 


.  4Gn9.) 
.46079 
45567 
46064 
44667 


58583  68465|58348 
o7»}J4,57768  57653 
57196  57083,56970 
5652l|56409|56298 
55856  55747155637 


55203  55095 
54559  54453 
53926  53822 
53303  53200 


52690 


52589 


54987 
54347 

53718 

53098 
52487 


5208615  i;<lj6  51896 


51491 
:>0905 
50327 
49758 


^9197 
48644 
48099 
47561 
47031 


51393 
50808 


51291 
50711 


40^'  I  bit" 


58232 
5753!! 
56857 
56187 
55528 


54o}J0 
54242 
53614 
52995 
52387 


50232i50137 
49664  49570 


49104 
48553 
48009 
47473 
16944 


i6.»08!46422 


27 
t8 
29 


3010 
31 


44077 
43592 
43114 


4264S  42564 


0.42176 


32 

33 
34  0 


31 
36 
37 

38 
39 


.41716 
.41261 
.40812 
, 40368 
3!Mj  JO 


45992 
45483 
14981 
4-4485 


45907 
45399 
44898 
44403 


43995 
43512 
43035 


42099 


41640 
41186 
40738 
40295 

39;;57 


.39497 
.39069 
38646 
38227 
37814 


'too 


41 
42 
43 
44 


.37405 
.37001 
36602 
.36206 
35816 


45 
46 
47 

48]0 
j49|0 

"dOlO 
51'0 
52  0 


35429  35365 


35047 
34669 
34295 
33925 


39425 
38998 
38575 
38158 
37745 

37338 
36934 
;i6535 
36141 
35751 


43915 
43432 
42956 
424^:6 
42022 


49012 
4844i2 
47919 
47384 
46856 


458  22 
45315 
4481 
44321 


5l7in 
51197 
50615 
50IH2 
49  477 


58115 
57424 
56745 
.>6076 
55419 


.)  4773 
54136 
53510 
52893 
.•>2286 


48920 
48371 
47829 
47295 
J6769 


51688 
51099 
50519 
49947 
49333 


48H28 
48280 
47740 
47207 
46682 


41664 
41111 

40664 
40222 
397)5 


39354 
38927 
38506 
38089 


43834J43753 
43353 
42878 
42409 
41945 


41488 
41036 
40590 
40149 
39713 


34984 
34607 
34233 
33864 


. 33559 
.33197 
.32839 
32486 

32134)32076 


33499 
33137 
32780 
32426 


37677  37609 


37270 
3()867 
36469 
36076 
35687 


35302 
34921 
34544 
34172 

33803 


31672 
31329 
30990 
30655 
J0378|30323 

«5- 


33438 
33078 
32720 
32367 

32018 


39282 
38856 
38436 
3802(> 


37203 
36801 
36403 
36011 

35622 


46249 
45737 
45231 
44732144649 
14239 '44158 


46163 
45652 
45147 


43273 
42799 
42331 
41869 


41412 
4096 1 
40516 
40076 


43673 
43194 
42721 
42254 
41792 


41337 
40887 
40442 

4r)003 


39641  39569 


39211 

3878(1 
38366 
37951 
37541 


35238 
34858 
.H48« 
34110 
33742 


37135 
36734 
36338 
35946 
35558 


35174 
34795 


33378 
33018 
32661 
32309 
31960 


31614J 
31272 

S0934 
30599 


34048 

33681 


39140 
38716 
33297 
37882 
37473 


37068 
36668 
36272 
35881 
35494 


35111 
34732 


3448034,357 


33987 
33620 


33318 
32958 
32602 


33257 
32899 
32543 


32250132192 
3PJ02I31844 


31557,31500 
3121631159 


.i')878 
30544 


30268130213 


30822 
30488 
30158 


AlIDDI-r:  TI.ME 


1  HOUR. 


M 


10 
11 

12 
13 
J4 

1 
1 
17 
1 
1 

"io 

1.) 

2 

23 
2'» 

25 
26 
27 

2ft 
29 

30 


0"     I  10"  I  20"  30" 


.714031 


7152071638 
72219  72335 
72907  73020 
73582  73694 


72104' 
72793j 
73470) 

7413774247  7 4356 1 74466 


71765 


71371 


7246072664  73679 


73133  73246 


73805  73916  740r7 
74675  74684 


74792i74900;75OO8  751 1 6j75223|7Ai5o 
75437|l5544;75650 

7*J072|76 177176281  (7638d|76«9 

76697! 


76800176903 
4.77312i774l377514 


3 

32 
33 

3 


35 
36 
37 
38 
39 


40 
41 
42 
43 
44 


45 
46 
47 
48 
49 


50 
61 
62 


65|4 
66 


57 
58 
59!4 


.77917;78017  78117  78217  78316 
.7851478612178710 

.  791 0 1  '79 1 98!79296{79392f794i»8 

.796X0 
,80251 


80813 
.81367 
81914 
32453 
82984 


, 83508 
,84025 
. 84536 
.86039 
.86636 


.86026 
.86511 
.86989 
.87461 
.87927 


77616 


7700577108 


50^ 


7I98S 


733o8 


77716 


79776  79871 
803451804391?; 


78416 

78809|78906l79OO4 
79584 
80156 


7996tl 


76967 
76593 
77210 
77817 


80061 
'♦6^26  liQ72f 


80906 
81459 
82004 


83072 


83696j8368l 
84111 
8-4620 
86m 


80999 
81560 


8209482184 


8264282630  83719 


83159 


85618 


88387 
88842 
89291 
89736 
90173 


86108 
86591 
87068 
87639 
88004 


88463 
88917 
89366 
89808 
90246 


81641 


oil8381S75 
8173181823 
82r74  8S963 
82808  81896 


83247  83334 


84196 

84704184788 


83768|83864{83940 
8^4381 


86206 
86700  86782 


86288  86371 


86188 
86671 
87147 
87617 
88081 


88639 
88992 
89439 
89881 
90318 


8436684461 
S4871  84956 


86864  86946 


86269  86360  86490 
86760  86830  SdM 
87226  87304  87382 
87694  87772  87849 
88168  88134  88311 


88616  88691 
89142 

89687  89661 


88766 

89067|89142i892I6 


.90606  90678 
91034'91]06 
.91467  91628 
9187691946 
4.92289  92368 


90749 
91176 
91697 
92014 
92426 


92698 
93102 
4.93601 
93897 
4.94287 


94674  94738 
4.95066  96119 
4.96434  96496 
4.96808  96870 
96178  96239 


4.96644196604 


4.96906 


53  4.97618 

54  4.97969 


.98316 


92766 
93169 
93568 
93962 
9436294416 


92833 
93236 
93634 
94027 


89513 

89964(900f7|90IOe 
90390(90462  90634 


90821 
91247 
91667 
92083l9il 
92494  9266 


9290092968 


93302  93369  934Sft 
93700  93766  93831 
94091 94167  Mtt 
94481  »4546f94fQ8 


94801 
96182 


96669  96621  96683195746 


96931 


96300  96361 


96966 


4.97264  9732397383 


97677 
98027 


98660 
99000 
4.99337 
99670 


98374 
98717 
99067 
99393 
99726 


96665 
97025 


97736 
98085 


98431 


99448 


96245  9690 


96725 
97086 
974-4i 
97794 
981 


98489 


99113  99169 


83421 


85464 


90892  90963 
91317  91387 
91737191806 


:9309i 


9486694929  J*^*^ 


96993  9605596116 


9642296483 


43  9820 1 198259 


96785  96846 
97145  SUM 
97601  97568 
97853  97911 


98546  98603 


98774  98831  98887196944 


99225  99281 


99604^99669  99615 


99780J99836|9989O:999U 
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To  find  the  Latitude  by  two  Altitudes  of  the  Sun. 
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HALF  ELAPSED  TIME. 
2  HOURS 


10 


olo.aoio.i 

l)0. 29776 


0.29453 
0.29133 
0.S8816 


2972J 
29400 
29080 
28764 


50 
00 
70 
8,0 

Tolo" 

110 
120 
13  0 
14^0 


2ai»02 
28191 


2788427833 


27579 
27277 


27529 
27227 


26978 
26682 
26389 
26099 
25811 


26929 
26633 
26341 
26051 
25763 


15|0 
1610 
17^0 
160 

200 
2H» 
tt|0 

23;o 

240 


25526 
252441251 
24964 
24687 
24413 


24141 

23871 
2360.-J 
23340 
23078 


tdjO.  22819 
t6  0.22561 
27  0.22306 
28!0. 22054 
2910. 2 1803 


30  0.21555 
3110.21309 
32.0.21066 

33  0.20824120784 

34  0.20585  20.54.7 


3510  20348 
3G;0.2011 
37| 0.19800 
98(0:19649 
3910.19420 


40|0. 19193 
4110.18968 
4i0. 13746 
43  0.18525 
440.18306 


4S  0.18089 
440.17874 

.  17660 
.17449 
IfO.  17239 


60|0. 
610. 
6tO. 
630. 
540. 


17032 
16826 


16419 
16219 


6510 
6610 
67|0 
680 
6910 


16020 
16823 

15627 


15242 


284,'iO 
i8I40 


20^'  I  aO''  1  40"  I  50" 


21)9114 
2%68 
29346 


29027  28ir74  28921 


28711 


28398 
28089 
27782 
27478 
27177 


26879 
26584 
26292 
2C003 
25716 


25479 
97 
24918 
24641 
24,367 


24096 


23827  23782 


23560123516 
:J253 
J  2991 


'2.30.  J. » 


2277.5 
22519 
22264 
22012 
21762 


2I5I4 
21269 


2030!* 
3120071 
19841 
19611 
19382 


19156 
18931 
18709 
18488 

18269 


13053 
17838 
17625 
174I4I 

1720; 


16997 
16792 


29939;29H«5 
29611  29561 


29293 


28659 


28346 
28037 
27731 


27428  27378 


27127 


26830 
26535 
26244 

25955 
2566J{ 


25432 
2jlo0 
24872 
24595 
24322 


24051 


22732 
22476 
22222 

21970 
21720 


21473 
21228 


2102^20986 
20744 

20.706 


20269 
2003.> 
19803 
19572 
193^M 


1911H 
18894 
18672 
18451 
18233 


18017 
17802 
17590 
17.379 
17170 


16622  16588 


16386 
16186 


15987 
16790 
15595 


1643416402 


16963 
16758 
16554 
16352 
161.52 


15954 
15768 
15563 
15370 


15210115178 


"5385 

25104 

2482^ 

24660 

24276 


24006 
23738 
23472 
23209 
22948 


22(j90 
22433 
22130 
21928 
21679 


21432 
21187 
20945 
20704 
20466 


20230 

1999* 

19764 

19534 

19306 


1 908 1 
18837 
18635 
18415 
18197 


179H1 
17767 
17564 
I73M 
1713; 


I6y28 
16723 
16520 
16319 
16119 


15921 
15725 
15530 
15338 


29239 


28607 


28295 
27986 
27680 


27078 


26781 
26487 
26195 
26907 
15621 


29831 
29507 
29186 
28869 
28654 


28243 
27935 
27630 
27327 
27028 


26731 
26438 
26147 
26859 
25573 


25338  25291 


25057 
24779 
24604 
24231 


25011 
247^3 
24468 
24186 


23961  23916 
23693  23649 
23428  23384 
23166  23122 
22905  22862 


22647 
22391 
22138 
21887 
21638 


21391 
21147 
20905 
20665 
20427 


20191 
19957 
19726 
19496 
19269 


19043 
18820 
18598 
18378 
18161 


17945 
17731 
17519 
17309 
17101 


16894 
16690 
16487 
16285 
16086 


22604 
22349 
22096 
21846 
21596 


213.50 
21106 
20864 
20625 
20387 


20152 
19919 
19687 
19458 
19231 


19006 
18783 
18561 
18342 
18125 


17909 
17696 
17484 
17274 
17066 


16860 
16656 
16453 
16262 
16053 


15888 
15692 
15498 
15306 
15146|161I6 


1.5856 
1.5660 
15466 
15274 
15083 


MIDDLE  TIME. 


2  HQUllS. 


M 


5.00000 
5.00327 
6.00650 
5.00970 
45.01287 


5.01601  0165301705 
5.01912  01963  02014 
5.02219  02270  02321 
5.02624  02574  02625 
5.02826  02876  02926 


10 
11 
12 
13 
14 


5.03125 
5.03421 
5.0371 

5 

5.04292 


15 
16 
17 
18 
19 

20 
21 
22 
23 
24 


25 
26 
27 
28 
29 


30 
31 
32 
33 
34 


35 
36 
37 
38 
39 


40 
41 
42 
43 
44 


45 
46 
47 
48 
49 


50 
51 
52 
63 
54 


0" 


lO''  I  20^' 


(XK)55(»0109 
00381100435 
0(n03  00757 


01023 
01339 


03174 

03470|03519 
7(2 


403 


03811 
04100 
k>4340l04387 


0400404042104100 


.04577  046)4 


04859I049M 
06139  051S5 
05416  0.5462106608 
05690  05736  05781 


5.05962  06007 106062 
5.06232  06276106321 
5.06498  06643  06587 
6.06763  06807  06850 
5.07025  07068  07112 


5.07284 
5.07542 
5.07797 
5.08049 
5.08300 


5.08548 
5.08794 
5.09037 
6.09279 
6.09518 


5.09755 
5.09990 
5.10223 
5.10464 
5.10683 


5.10910 
5.11135 
6.11357 
5  . 1 1578 
11797 


5.120141 

5.12229 

6.12443 

5.1265^1 

5.12864 


.1.3071 
. 13277 
5.13481 
5.13684 

5.  13;;h4 


56  5.14083 
5615.14280 


01076 
01392 


30" 


40"  I  50" 


00 1641002 1 8100272 
00489|00542|00596 


00810 
01129 
01444 


01757 
02066 


03224103273 
03568 
03859 
04148 


04671 
0-1953 
05231 


0086400917 
01182i01234 
01496i0 1.549 


0180801860 
02117  02168 
02473 

02676)0r725|02776 
02976  03025(03075 


02372  0^23 


0332203372 
03616  03665 
03908  03956 
04196^4244 


04435  04482  04530 


1»47 18104765 
04999 


05046  06092 
05278  0532406370 


05553 
05827 


06097 
0636.5 
06631 
06894 
071.55 


J2U  [07371 
»84l07627 


07413107456 
07670  07712 
07923  07965 
08133|08l7o  08216 
08383  08424  08465 


073 
07584 

07839107881 
08091 
08341 


08589 


08630 


0883408876  08916 


09078 
09319 
09558 


<)W794 
10029 
10262 
10492 
10721 


10947 
11172 
11394 
11615 
11834 


12050 
12266 
12478 
12689 


09118 
09359 
09597 


09834 
10068 
10300 
10531 
10759 


10985 
11209 
11431 
11652 
11870 


12086 
12301 
12513 
12724 


1289812933 


13106  13140 
13311  13345 
13515113549 
1 37 17;  1 3751 
13917  13951 


67 
68 


6.14476 
6.14669 


6916.14861 


05599 
05872 


0(jl42 
06410 
06675 
06938 
07198 


08671 


09168 
09399 


09873 
10107 
10339 
10569 
10797 


11022 
11246 
11468 
11688 
11906 


04812 


056 15 
05917 


06187 
06464 
06719 

06981 
07241 

07499 
07754 
08007 
08258 
08507 


08712  08753 
08966  08997 


09198 
09438 


09637  09676 


09239 
09478 
09716 


09912109951 
10146*10184 
10377|l0416 
10607  10645 
10834110872 


110601 1 1097 
11283 11320 
1150M1542 
11726  11761 
11942  11978 


12122 
12336 
12649 
12759 
12968 


14116  14149  14182  14215|1 4247 
14313  14345  14378  14-111  14443 
14508  14540  14573  146061 14637 
14701  14733  14765  14797  14829 
14893  14926^14957114988  15020 


1215812194 
12372!  12407 
1258412619 
12794  12829 
13002  13037 


13175  13209  13243 
13380113413  13447 
13583  13616  13660 
13784  13818' 13861 
1 398411 40 17|  14060 


J  Google 


TABLE  XXIII. 
To  find  the  Latitude  by  two  Altitudes  of  the  Sun. 


HALF  ELAPSED  TIMK. 

MIDDLE  TIME. 

3  HOURS. 

M  1  0" 

10" 

20"  1  30"  1  40" 

60" 

M 

A  it 

0" 

(  10" 

20" 

30"  1  40"  1  60" 

0 
1 
2 
3 
4 

0  15051 
0.14863 
0.14676 
0.14490 
0.14307 

15020 
14832 
14645 
14460 
14276 

14988 
14800 
14614 
14429 
14246 

14967 
14769 
14583 
14398 
14215 

14926 
14738 
14652 
14368 
14185 

14894 
14707 
14521 
14337 
14156 

0 
1 
2 

3 
4- 

5.15061 
6.16240 
5.16427 
6.1561S 
6. 15796 

15083 
15271 
16468 
16643 
1 5827 

15115 
15303 
16489 

15674 
I. 5857 

16146 
15334 
16620 

15705 
15888 

115177 
15365 
16561 
15735 
15918 

16209 
15396 
15682 
15766 
15948 

5 
6 
7 
8 
9 

0.14124 
0.13944 
0.13765 
0.13587 
0.13411 

14094 
13914 
13735 
13558 
1 3382 

14064 
13884 
13705 
13628 
13353 

14034 

13676 
13499 
13324 

14004 
13824 
19646 
13470 
13296 

13974 
13794 
13617 
13441 

1 3266 

~6 
6 
7 
8 
9 

5. 15979 
5.16159 
5. 16338 
5.16616 
6 . 1 6692 

16009 
16189 
16368 
16645 
16721 

16039 
16219 
16398 
16575 
16750 

16069 
16249 
16427 
16604 
16779 

16099 
16279 
16457 
16633 
16808 

16129 
16309 
16486 
16662 
16837 

10 
11 
12 
13 
14 

0.13S37 
0.13064 
0.12893 
0.12723 
0.12564 

13208 
13035 
12864 
12695 
1 2626 

13179 
13007 
12836 
12666 
12499 

'  1  • '  '-.o 

.  1 

12308 
12638 
12471 

13121 
1 2950 
12779 
12610 
124-13 

13093 
12921 
12751 
12582 
12415 

10 
11 
12 
13 
14 

5. 16866 
5. 17039 
6.17210 
5.17380 
6. 17549 

16895 
17068 
17239 
17408 
17o77 

16924 
17096 
17267 
17437 
17604 

16963 
17126 
17295 
17465 
17632 

16982 
17153 
17324 
17493 
17660 

17('I0 
17182 
17362 
17621 
17683 

15 
16 
17 
18 
19 

0.12387 
0.12222 
0.12058 
0.11895 
0.11734 

12360 
12195 
12031 
11868 
1 1708 

12332112305 
12167  12140 
120O.l|  11977 
118421 1 1:^15 
11681111654 

12277 
12113 
119^19 
11788 
11628 

122-19 
12085 
11922 
11761 
1 1601 

15 
16 
17 
18 
19 

5.17716 
5.17881 
6.18ai6 
6.18208 
5. 18369 

17743 
17908 
18072 
18236 
18396 

'17771 
il79Jb 
18099 
18261 
18422 

17798 
17963 
18126 
18288 
18449 

17826 
17990 
18164 
18316 
18476 

17854 
18018 
18181 
18342 
18602 

20 
21 

23 
24 

0.11575 
0.11416 
0.11259 
0.11101 
0.109.70 

11548 
11390 
11233 

11078 
10924 

11 522;  11 495 
11364  11338 
11207  11181 

11052  11027 
10{j99  10873 

1 1469 
11312 
11166 
11001 

I0};48 

11443 
11285 
11130 
10975 
10822 

20 
21 

22 
23 
24 

6.18628 
5.18687 
6.18844 
6.18999 
5. 19153 

18665 
18713 
18870 
19025 
19179 

18581 
18739 
18896 
19051 
19204 

18608 
18766 
18922 
19076 
19230 

18634 
18791 
18947 
19102 

18660 
18818 
18973 
19JS8 
19281 

25 
26 
27 

2n 

29 

0.10797 
0.10646 
0.10496 
0.10347 
0.10199 

10772 
10620 
10471 
10322 
10175 

10746 
10595 
1044G 
10291; 
I0I5I 

10721 
10570 
10121 
10273 
10126 

10696 
10545 
10396 
10248 
,10102 

10671 
10520 
10371 
10224 
10078 

26 
26 
27 
28 
29 

6.19306 
6.19457 
5.19607 
5.19756 
5 . 1 9904 

19331 
19483 
19632 
19781 
19928 

19357 
19508 
19667 
19805 
19952 

19382 
19533 
19682 
19830 
19977 

19407 
19668^ 
19707 
19866 
20001 

19432 
19683 
19732 
19879 
20025 

30 
31 
32 
33 
34 

0. 10053 
0.09909 
0.09765 
0.09623 
0.09482 

10029 
09885 
09741 
09699 
09459 

10005 
09861 
09718 

09576 
09435 

09981 
09837 
09694 
09552 
09412 

09957 
09813 
09670 

09529 
09389 

09933 
09789 
09647 
09506 
09J66 

30 
31 
32 
33 
34 

5 . 20050 
5.20194 
5.20338 
5 . 20480 
5.20621 

20074 
20218 
20362 
20604 

20644 

20098 
20242 
20385 
20627 
20668 

2012^ 
20266 
20409 
20661 
20691 

20146 
20290 
20433 
20674 
20714 

20170 
20314 
20466 
20697 
20737 

35 
36 
37 
38 
39 

0.0934J 
0.09204 
0.09067 
0.08931 
0.08797 

093I9  0y29(ij09273 

09250 
09113 
08977 

08842 
08708 

09227  1 
09090  1 
08954  j 
08819 
08686  1 

35 
36 
37 
38 
39 

5.20760 
5.20899 
5.21036 
6.21172 
J. 21306 

20784 
20922 
21059 
21194 
21328 

20807 
20946 
21081 
21217 
21361 

2(' 

21104 
21239 
21373 

^0863 

20876 
21013 
31149 
21284 
21417 

09044 

08909 
08775 

09022 
08886 
08752 

08999 
03864 
08730 

'990 
21126 
21261 
21396 

40 
41 
42 
43 
44 

0.08664 
0.08531 
0.08401 
0.08271 
0.08143 

08641 
08510 
03379 
08250 
08121 

08619 
08488 
03357 
08228 
08100 

08597 
08466 
08336 
08207 
08071» 

08575 
08444 
08314 
08185 
08058 

08553 
08422 
0J;293 
08164 
08036 

40 
41 
42 
43 
44 

6.21439 
6.21572 
5.21702 
6.21832 
5.21960 

21462 
21593 
21724 
21863 
219B2 

21484 
21615 
21746 
21876 
22003 

21506 
21637 
21767 
21896 
22024 

21628 
21669 
21789 
21918 
2204& 

21550 
21681 
21810 
21939 
22067 

45 
46 
47 
48 
49 

0.08015 
0.07889 
0.07765 
0.07fJ41 
0.07518 

07991i 
07868i 
07744! 
07620l 
07498' 

07973 
078-18 
07723 
07600 
074781 

07952 
07827 
07703 
07579 
07453 

07931 
07806 
07682 
07559 
07437 

07910 
07785 
07661 
07539 
07417 

45 
46 
47 
48 
49 

5.22088 
6.22214 
5.22338 
6.22462 
6.22586 

22109 
22236 
22369 
22485 
22606 

22130 
22266 
22380 
22603 
22626 

22161 
22276 
2^400 
22624 
22646 

22172 
22297 
22421 
22544 
22666 

22193 
22318 
22442 
22564 
22686 

50 
51 

52 
53 
54 

0.07397 
0.07277 
0.07158 
0.07040 
0.06923 

07J77|07357) 
0725707237 
07138  0711;* 
07021 '0700 1 
069O4jO6885 

07337 
07217 
07099 
06982 
06866 

07317 
07197 
07079 
06962 
06846 

07297 
07178 
07060 
06943 
OG:f27 

60 
61 
52 
53 
54 

5.22706 
5.22826 
5.22946 
5.23063 
5.23180 

22726 
22846 
22966 
23082 
23199 

22746 
22866 
22984 
23102 
23218 

22766 
22886 
23004 
23121 
23237 

22786 
22906 
23024 
23141 
23257 

22806 
2S9S5 
23043 
23160 
23276 

55  < 
561 
57  ( 

68  ( 

69  ( 

3.06808 
3.06693 ( 
J.06j<10( 
J.064»;3|< 
).06357i( 

06789lOli77O 
[)6674|06656 
[>6561  06543 
i6449  06431' 
)633a;o6.}20  ( 

06751 
06637 
06624 

r)64l2 
[>6.i02 

06731 
06618 
06506 

r)6394 
06283 

06712 
06599 
06487 

06375 
LKi2r)5 

55 
56 
57 
68 
59 

5.23295 
5.23410 
5.23623 
5.23636 
5.23746 

23314 
23429 
23542 

23766 

23333 
23447 
23660 
23672 
23783 

23362 
23466 
23679 
23691 
23801 

23372 
23485 
23698 
23709 
23820 

23391 
23504 
23616 
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To  find  tlie  Latitude  by  two  Altitudes  of  the  Sun. 


HALF  ELAPSED  TIME. 


4  HOURS. 


H — 


100 


II 

12 

1310 
14 


15 
16 
17 


06247106229  0621 1 
06120  06102 
0601.: 


0 

0.06138 
0.06030 
0.05924 
0.05b  1 8 


05714 
05610 
05508 
05407 


10^^    20"  I  30"!  40"  50" 


06192 
06084 


0590b 
05801 


05^191 
05390 


0.053<>6  05290 


05I9I 
05093 


.05207 
.06109 
,0501  ' 
.0491tOi 
04821  04ii<» 


05783 


0569605679 
05593105576 
05  P4 

05373 
05-:7J 


,04727 
.04634 


0517 
05077 
0 1980 
ot;;84 
a789 


04711 
04619 


18(0 
190 


20 
21 
22 
29 
24 


25 
26 
27 
28lO 
29  0 


0.04272104258 
0.0-^18504170 
0. 04093 j04083 
0.0401 2 103998 
^03927  03913 


30 
31 
32 
33 
340 


35 
36 
37 

38 
39 


04542;OV527 
.0445l;04•^36 
.04361  04346 


04696 
04603 
04512 
044^1 


04332  04317 


03843j038.'9 


03760 
03678 
03597 
03517 


03747 

03665 
03584 
03504 


0.03438  OO'i^O 
0.0336003348 


,03283 
03207 
03132 


03271 
03195 
03120 


.03068  03046 


400 


02986 
,02913 
.02841 
.02771 


02973 
02901 
02829 
02759 


41 

42 
43'0 
440 


.02701 

.02633 
,02566 


0266402543 


02499  02488 


02433 


45 
4G 
47 
48 
49 

60 
61 
52'0 
63!o 
64'0 


02068 

.01999 
.01940 


05871 
05766 


06174 
06066 


05977  05959 


05853 
0574:: 


06166 
06048 
05941 

05836 
05731 


05662 
05659 
05457 
05356 
05257 


4  0 


.>158 
05060 

Ol8o8 


05142 
06044 
04948 
04862 


0477404768  04743 


04680 
0-4688 
04496 
04406 


04243)04228 

04156 


04069 
03983 
03899 


04141 

04()55 
03969 
03885 


03815 
03733 
03651 
03571 
03491 


()3}i02 
03719 
03638 


03478 


034  li! 


03399 


0333603322 


03268 
03182 
03107 


03246 
03170 

03095 


U3034 
02961 
02889 
02818 
02748 


02690 
02622 


02422 


0 . 02368  02357  02347  02336  02326 
0 . 02304  02294  0S283|oS273|02262 
0  .02241  0223 1  0222! 
0.02179  02169  02169 
0.02118  02108  02098 


02048 
01989 
01931 
0188301873 
0182601817 


68 
69 


02477 
02411 


02031 

01979 

01921 

02864 

01808 


66,0.01771  01761  01762  U1743  01734 

66  0.61716  01707  01698  01689  01680 

67  0 . 0 1 662  0 1 653  01 644|0 1 635  0 1 627 
0.01609O16000J591  01583|0I574 
0.0l667|01548i01640| 


05645 
06642 
05440 
05340 
05240 


05125 
05028 
04932 
04837 


04665 
04673 
04481 


04302 


0421 
0412 
04040 


03788 
03706 

03r)2 
035^1 
0346. 


03386 
03309 
03233 
03157 
03083 


03021 

02949 

02877 

02806 

02736 


02678  02667 
0261002699 


06627 
05625 
06423 
05323 
05224 


04649 
04667 
04466 


04391  04376 


04287 


4  04 


7  0 


199 
4112 

04026 


0396603941 
03871  03857 

(»3774 
03692 
03611 
03531 
03452 


03373 
03296 
03220 
03146 
03070 


03009  02997 
02937  02926 
02865  02863 


02794 
02724 


02532 
02466 
02400 


02666 
02588 
02521 

02455 
02390 


02210 
02149 
02088 


02200 
02139 
02078 


02028 
01969 
01912 
0]864t01 
01798 


02644 
02677 
02510 
02444 
02379 


02733 
02713 


02316 
02252 
02190 
02128 
02068 


02018 
01960 
01902 
845 
01789  01780 


02009 
01950 
01892 
01836 


01726 
01671 
01618 
01566 


0l63i:01itf3|0I514 


MIDDLE  TIME. 


4  UOURS. 


M  I  0^^  I  10"  I  20^' 
""O  6.238661 


45 


6 
6 
7 
8 

_9 

10 
II 
12 
13 
14 


.23965 
,24073 
.24179 
,24285 


6.24389 
5.24-193 
6. 24695 
6.24696 
6.24797 


X3874  23892 
23983124001 

24091 
24197 
24302 


24407 
24610 
24612 
24713 
24813 


6.24896  24912 
^.24994  26010 
5.26091  26107 
6.26187  26203 
6.26232  25298 


15 
16 
17 
18 
IP 


5.2537<. 
6.26469 
6  26661 
6.26662 
6.25742 


20 
21 

22 
23 
24 

25 
26 
27 

28 
_29 

30 
31 
32 
33 
34 


5.26831 
6.26918 
5.26006 
5.26091 
5.26176 


24108 


23911 
24019 
24126 


24216  24232  24260  24267 


24320 


2442424441  24468 


24627 
24629 
24730 
24830 


24929 
26026 


261 23|26139  26166 
26236  26261 


26219 
26314  25329 


25392 
25484 
2.-,576 
26667 
26767 


26407 
25600 
25591 


26846 
26933 
26020 
26106 
26190 


6.26260 
5.26343 
6.26426 
5.26606 
5.26686 


26274 
26366 
26438 
S6619 
26699 


6.26666 
6.26743 
5.26820 
6.26896 
6.26971 


35 
36 
37 
38 
39 


40 
41 
42 

43 
44 


45 
46 
47 
48 
49 


60 
61 
62 
63 
64 


65 
66 
67 
68 

59 


5.27045!t7067  27069 
6. 


27118 
6.27190 
6.27262 
6.27332 


6.27402 

6.27470 
6.27538 
5.27604 
5.27670 


5.27735 
6.27799 
6.27862 
6.27924 
5.27986 


6.28045 
6.28104 
6JS8I63 
6.28220 
6.28277 


,28332 
28387 
28441 

28494 


26678 
26706 
S6832 
26908 

26983 


30"  I  40" 


23929 
24037 


24337 


24644 
24646 
24747 

24846 


24144  24162 


24366  24372 


24863 


2494^ 
26043 


26266 
26346)25360 


26423  26438 
26616  26630 


26607 


2568226697 


26771.26786  26801 


26860|26876*26889 
26947 
26034 
26120 
26204 


26218 


60" 


23947 
24055 


24476 
24578 


2466324680 
2476324780 


24879 


24961  -24978 
^59  26076 
26171 


25464 

26646 
«6622|26637 


26712 


25962 
26048 

26134)26148 


26976 


26232 


26288 
26370 
26462 
26632 
26612 


26301 
26384 
26466 


26691 
26768 
26846 

26921 

26996 


27130 
27202 
27274 
27344 


27413 
27481 
27549 
27615 
27681 


27746 
27809 
27872 
27934 

27995 


28055 
28114 
28172 
28230 

28286 


28342 


28460 


27142 
27214 
27286 
27355 


27425 
27493 
27660 
27626 


27756 
27820 


27944 

28005 


2806o 


28182 
28239 

28296 


28361 


28396  28405 


28459 


28503|28512 
5.S8646l28666|28663 


26315 
26397 
26479 


26646  26669 


26625 


26704 
26781 
26868 


26717  26730 
26794  26807 
2687026885 


2693326946  26968 


27008 


2708^' 
27154 
27226 
27297 
27367 


27436 
27604 
27571 

27637 


27692  27703 


27767 


2788227893 17903 


28015 


28075 


281242813428143 
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19156 


40"  I  50" 


13172 
13872 
14667 
16256 
15937 


1314.21409 
144.22041 


15  4.22668 
23290 

23907 

24620134622 


16 
17 

18 
19 


4 
4 
4 

4.26128 


,26731 

.26330 


20 
21 

n 

23 

24;4. 28099 


26924  2702;) 
.27614127612 


264 
274 

2814 
29:4 

■30'4 
31 '4 
32  4 


.28681 
.29257 

29830 

.S09t 


2277:: 
23393 
24010 

^6229 


2(j429 


28777 

293.')3 
2992.^ 


J  9806 
20461 
20984121091 
2162021725 


22260 


22876 
23496 
24112 


259.1 

26529 

t'7l2 

2771 

28294 


22355 


16614 
172B5 
17950 
18610 
19265 


19914 
20558 
21197 
21831 

22459 


20022 
20665 
21303 

19;^; 

22564 


.3702 


24214 


2472324826  24926 

25330  25430 


33 
34 


.31623 
.32079 
.32631 
.33180 
.33724 


35*4 
364 
374 
3814 
3914 


.34266 
.34802 

.35336 
.36865 
.36391 


40!4 
4l'4 

4214, 
43j4, 
44i4, 


36913 
37432 
37948 


31616 
3217 

3f723!828 

3327 
33815 


34366 
34^ 

3542 

35953 


37000 
375  li; 
38033 


r,i5 


45!4 
464 


47 

48 
49^4. 

4. 


39473 

3997. 

40474 

-10969 

41461 


60 
51 
52 
53 
64 

65 
56 


4. 
4. 
4. 
4. 


419.50 
42435 
42918 
43398 
43874 


4.44;U8 


4.44818  4489( 


5714.46286 


39557 

1000 

40556 

n051 

41.VJ3 


42031 
4'25I6 
42998] 
43  ^7 
4.i95J 


444:2(i 


4.>36.'? 


!2»i!73 
29449 
3002 

I  1.^ 


31709 
132264 

i: 

(33362 

33905 


344^ 


34980 
35512 
36041 
36565 


Mm 

3760 
3611 

3r]62« 

;391;i7 


39641 
*0I42 
40639 
41133 

H624 


421 12 
4i:.')97 
13078 
W557 
H032 


4l.>05 
M974 
5'44l 


26031 
26628 
27220 
27807 
28391 


28969 


iOlI/) 
306»1 
31243 


31»01 
32.356 
329f»6 
33453 
33995 


24316 
24926 
25531 


26131 
26727 

27318 
27906 
28487 


29066 


29544  29639 


30209 
30776 
313.T7 


34534  34623 
35069135158 
35689 
36216 
.36740 


35601 
36128 

36653 


37173 
37690 
9138201 
38714 
39221 


39725 
402i6 
40722 
4I21.> 


31tf94 
32448 
32997 
3.3.'>43 
34085 


13289 
13989 
14682 
16369 
16060 


16726 
17396 
18060 
18719 
19373 


23187 
23905 
24418 
26027 
25631 


26231 
26826 
27416 
28002 
28684 


29161 
29736 
30304 
30869 
31430 


37260 
37771 
38289 
38799 
3930: 


31987 
32640 

33089 
33634 
34175 


34713 

35247 
3.^j777 
36304 

36827 


39808 
40308 
40804 
41297 


41706  417}{7 


12 1 93 
i677 
43158 
43636 
4'Ull 


44583 
5052 
5518 


42274 
427^68 
43238 
43716 
44190 


4466t 


4.W96 


37346 
37862 
38374 
38884 

39389 


39892 
40391 
40887 
H379 
41868 


42366 
42838 
43318 

43795 
44269 


44740 


45130  46208 


45673 


58(4 .  4£750l46827[45905|45982l46068|46 1 35 
59l4 . 462 1 2  4C289|46365l  l6442!  165 1 8H650A 


3  HOURS. 


M 


0 


4.46671 
4.47127 
4.47580 
4.48031 
4.48479 


10" 


44i747 


47203  47278  473544743047606 


47656 
48106 

48.'i53 


104.51109 


11 

12 
13 
14 


16  4.53231 


16 
17 
18 
19 


20 
21 
22 
2314 
244 


26 
27 
28 
29 


30 
31 


4.4"'':' I 

4.  . 

4.49806 
4.60243 
4.60677 


4.51539 
4.51966 


4.6239062461 


4.52812 


4.53648 
4.54063 
4. 54475 
4.54885 


18998 
19440 
49879 
50316 


20"  I  30"  I  40"  I  50" 


46823 


47731 


47806 


49071 
49513 
49962 


50750160822  60894  60966  61058 


51181 
[51610 
52037 


52882 


50388  60461 


46«99!46975k7061 


4818048266 
48627  48701 


47881 


48:13048404 
48776  48860 


4914649219 


49686 
60026 


61263 
61681 
62107 


62952 


61 


49660 
50098 

50533 


47966 


49293 
49733 
60170 
60606 


I  ''>6  61467 
^|6I89d 
d2178j62249b2319 


52631  62601  62671^42 


5330  r63371 
53718163787 


54132 


4.56293 
4.56698 
4.66101 
56601 
56900 


26  4.57296 


4.57690 
4.58082 

4..')  ' 


5464464612 


649.53 


56765 
66168 
6^568 
66966 


64201 


56021 


56360  66428 


66832 
66235 


57032 


4.69244 
4.69627 

32  4.60008 

33  4.60388 


34 


36 

36 
37 
38 
39 


40 
41 
42 
43 
44 


4.G0765 


.61139 
.61612 
4.61883 
4.62252 
4.62619 


57362 
57755 
58147 

'JJ536 
>:>923 


5930« 
59691 
60072 
60460 
60827 


61202 
61571 
6194. 

62.JI3 
62680 


6742tt 
67821 
68212 
68601 
58988 


59372 
59755 
6013.=) 


53022  63092  53162 


63440  53510  53579 


63866  63926 
64269  543.38 
6468'      -  9 

.M0{>1'     i  .j1 


56496  66663)66630 


66900 
66301 


66636^701 


67098 


57493 
5788615 
58277 

6866.') 
69052 


53994 
64407 
64817 
65226 


66967 


66034 


56.%8  56435 


66767 
.'>7164 


57559 
7951 


^6834 
67230 


57625 
68017 


58342  68407 
5?-  794 

5i>  180 


59436  59^0,0^564 
59818  ')nftRt|69945 
6019  1)60384 
60513  60576i(>O639j60701 
601J90  60952  6 101 6^6 1077 


T  >  '.  61388  61460 


61760 


45 
46 
47 
48 
49 


50 
51 
52 
53 
54 


55 
56 
57 


4.62984 
♦.63347 
4.63708 
4.64068 
4.64425 


4.64780 
4.651;U 
4.C.>ie6 
i. 65836 
4.66184 


4.66.  »30 
4.66875 
4.67217 

4.67. =i.o8 
4.67U97 


63045 
63407 
63768 
64127 


64^^39 
65 


62129  62191 
197  62568 


563 


6J1U0 
63468 
63828 
64187 


64484646446461)3 


64898  64 


65261 


6554i|6.S603 
65894|6.' 


63528 
i63888 
64246 


0J226 


63588  63648 


63948 


66242 


6(i2L/L< 


165 

6.-.< 

Oil.  'v>  I 


4.6«23o 
1.68571 
i. 


68905 
5a[4.C9237 
6914-61' 


r>6588  66645 
66'J.r»*r6989 

6',  ;.i3i 

67615(67672 
679.54168010 


ul6 
.'69 
719 
1)68 
00415 


66*' 
67(..  .  • 
673Hi> 
67: 
6:  I 


61822 


62923 


63287 


64008 


61306  64386 
64662  64721 


6|87iL 

6Mn 

65777 
66126 
66472 


66817 
•7160 
02 
il 

-►J  1 79 


G;:960j'69<»iw69<r71 
69292{6934Sp  > 


6S6I6 
6;m49 
'.9l8i 
13 


69678f697o.).o:/  iiiaomVl 


I 


TABLE  XXIII. 

To  find  the  Latitude  by  two  Altitudes  of  the  Sun. 


135 


LOG.  RISING  OR  VERSED  SINE. 


i  HOURS. 


M  I  0" 


10 


0  4.6yj:97 
14.70224 

4.70874 
4.7II97 


11 

12 


706(»4 
71260 


Ai4. 71618  71371 
71890 
7220a 
:72o23 
7283a 


4.71837 
7[4. 72155 
4.72471:: 
4.72785 


104.73099  731.^)1 


4.73-tl0  734<>K 
1.73720  7.1772 


13  4.7402ai740o0 
1 4 '4. 743.15174386 


15  4.74641  74(?.»i: 

16  4.74945174996 

17  4.75247  7.'>298 

18  4.75549  7:)/)'Mi 

19  4.7584;^ 


204 
214 
224 
254 
244 


76J46  761% 
,76143'7649*J 
,7673«'76787 
.77032 770a I 
.7732577.373 


25'4 
26^4 
2^j4 
28,4 
29  4 


77616 
77906 
.78194 
.  78481 
.78767 


77664 


77954  78004 


3014.79051 
3114. 793M 
324.7961.-1 
354.791>H(. 
344.8017.) 


78242 
78529 
78814 


P9098 
79381 


2(>"  I  30"  I  40'/  50" 


J. 


7000<i 
703.^3 
7()6.j}5 
709u2 
7K1 


mi 


71624 
7194J 
72260 
72576 
72890 


7.)203 
73514 
7382.^ 
74131 
74437 


7(i2  ^5 

( I). J. Ill 
77130 
77422 


70061 
70387 
70712 
71036 
135717141 1 


7U 11/)  70 1 70 
70442  HHiH] 
70766  70820 
71089  71143 
71464 


71678 
71996 
72313 
72628 
72942 


,71731 
72049 
72366 
72681 


732.T^ 
73.>65 
73M71 
74182 
74488 


74742 

75046175096 
75341; 
75649 
75948 


74793 

i 

75398 
75699 
75997 


,71784 
72102 
72418 
72733 


7199473046 


733(J6 
73617 
73926 
74233 
74639 


74844 
76147 
75448 
75748 
76047 


76295 
^659 1:7 
76885!7(.li.a 
77179177227 
7470177519 


73358 
73663 
73977 
74284 
74590 


74JJ94 
75197 
75498 
75798 
7fi097 


77713 


7};290 
78576 
73861 


77761 
78050 
78338 
78624 
7U909 


79145 
7942:1 
79709 

.  -|799G9 
:i!30267 


3d4 
364 

37)4. 
38  4. 
39(4. 


404 
414 

43{4 


454 
474 


6014 
61 
62|4 
634 
64 


8(1 

7  75 

bi  049 
81-..  1)23 
815.'>0  8I595 


)10545 
80820 
3109518 
81368 
81641 


,81821  ::ii.6r,  81911 

181 


.826?r';;2»r 

.82 


::Tlf 


77809 
78098 
78385 
78671 
78956 


79192 
79475 
79756 
iJ0035 
80314 


80591 
80866 
1141 
81414 


81686 


79240 
79522 


80082 

80360 


76394 
9 

I  I  i!.i<i3 

77276 
77.^67 


77857 
781-16 
7H433 
78719 
79004 


79287 
79568 


798027^849 


806.n 

::0912 

81186 
814.^9 
81731 


80128 
.10406 

8(7683" 

80958 

81232 

81505 

81776 


81956  82001 
82:  71 


824L*  1 
•2761 
>i6 


83159 
83423 

83685 
83917 
81 


8320.i 
83467 

83729 

';;<990 
:.50 


.844f»6|R4509 

.8r  !7C7 
.84i.«6i,i>a023 
.85236!8.'">278 
8549(' 


56  4.867  44|8.i786 
664-86996  o6038 
67  4.86247i86288 


83247 
83510 
H3773 
340;i 
84293 


83291 
835M 
83816 
M84077 
84337 


84552 
84810 
85066 
86321 
85675 


85828 


86330 


6814. 86496)8653«;86579  36621 186662 
69(4 . 86745|86786|86828i86869l86910 


u  J.j38 
82805 
K3071 


83335 


83698  83642 


838601 
84120 
84380 


84595 
84862 
86108 
86363 
86617 


85870 


86079  8612 1 


86372 


84633 
84895 
86151 

85406 
85659 


85912 
86163 
86413 


82016 
82316 
82588 
82350 
83116 


83379 


83903 
84164 
84423 


84681 
84938 
85194 
85448 
85701 


85954 
86206 
86166 
86704 
86961 


5  IIOUR.S. 


Ml     W'    I  10"  )  20''  I  30^'  1  40^' 


14.86992187034  87 U7.-) 
4.872.39  8728087321 


87484 
4.87728 
414.87971 


4.88213 
4.88464 
88694 
4.389S3 
4.89171 


10 
11 
12 
13 
144 


4. 
4. 
4. 
4. 


15 
16 
17 
18 
19 


20 
21 

^  m 

23 
24 


25 
26 
27 
28 
29 


30 
31 
32 
33 
34 


36 
36 
37 
38 
39 


40 
41 
42 
43 
44 


45 
46 
47 
48 
49 

■50 
61 
62 
63 
64 


66 
66 
67 
68 
69 


89407 
89643 
89877 
90111 
90343 


87525 
87769 
83012 


88254188294 
88534 
88774 
89012 
89250 


88494 
88734 
88973 
89210 


89447 
39682 
89916 
90150 
90382 


90575!9«>613 


.90805 
91034 
91263 
.91490 


91716 


90843 
9107o 
91301 
91528 


91754 


87.566 

87809 
88052 


89486 
89721 

89955 
9018G 


:>71I6 
37362 
8760<) 
87860 
88093 


883;J4 
88.574 
88814 
89052 
89289 


8952.' 

«97f;o 

8*^994 


871.')7 
87402 
87647 
b7  890187931 
88133  88173 


88.n4 
88614 
88853 
89091 
89328 


89504 
89799 


50^' 


87198 
87443 
B768B 


8841  I 
88r,.H 
88i;93 
89131 
89.368 


90227  M  , 


9(»421  [90459 


90652  ;906 90 
90!; 82  90920 
91111  91149 
9l339i91377 
9 1566 '9 1603 


917U2  91821' 
,91942  91979  92017|92O54 
,9211"': >  •(«  ')'224l  192278 
,92;i  'Jlf4|92/.(Jl 
'j.T,  I  J  '.i-,',,.^'i  M  i,,}r>'9272."'. 


ro|'.>2907  9294^1 
'  3127  93161 


934:  . 
93709 


93926 
9U41 
94356 
94570 
94782 


93745 


.94994 
.95205 
.96415 
.96624 
.95832 


.96040 
.96246 

.964: 

.96(. 


93;'62 
94177 
94392 
>4605 
94818 


96071 


4.96860 


!86 
.90 
96894 


97062 
,97264 
,97465;'' 
,97665 
.978(;5 


97096 
97298 


^16 
.,.,4 

9.n8i 


933;; 

9360- 
93817 


90498 


907  24i 
90958 
91187 
91414 
91641 


89604 

■^«M)72 
'  '306 
90536 


91867 
92092 

92  n  • 

9.../, .. 
92760 


90767 
90996 
91225 
914.52 
91679 


>J99f:  940.i4 

94213191249 

!M  1   '     •  ''-,3 


9298f' 
9.3200 

'  I  ■  !  H  < 

,  I  .  .,7 

93854 

9106'.* 
942>;4 
9M98 
<:  947  1  2 


919(H 
92129 

12796 


93017 
93237 
113155 
93673 

93j:90 


94.V 

y5029  9506 
96240  95275 
96460 
95659 
95867 


T  1 


95l00i95l35 


1'4105 
94320 
94534 
94747 


1924  949.59 


95902 


[»6109 


962809631.^ 


96520 
96721 
96927 


97130 
97331 


95936 


96143 

963 ; 
965.' 
967., 
96961 


95971 


97i(;.{ 


96177 

■':3 
.8 

.  yl 

96995 


97197 


.98063 
.98261 
.98467 


-  (7765 
97898|97931|97964 

98096  98129 


98293 
98490 


98326 
98623 
98718 


4.98663  98686 
4.98848!98880!98913 


4.99042,99074199107 
4.99236  99267.99300 
4.994i3  99 «;0  99492 
4.99619  99651  99683 


98162 
98369 
98555 
98751 
98945 


.'i./'9 
97798 
97997 


95170 
0 
.i.;9 
.;798 
9600* 


96212 
96417 
96622 
96826 
97029 


97231 


'8  97132 


97632 
97832 
980.30 


99139 
99332 
99624 


4 . 998 10  99842199873199905 


9811' 
98392|i/u425 
98588198620 
987>j3jlK:.sl6 
98977'i99<<IO 


99171199203 

993»3l'99:'.96 
995.)6!99587 


99716  99747  99778 


99937I99968 


DigitizcL, 


.0 


Ogle 


56 


To  find  the  Latitude  by  two  Altitudes  of  the  Suit'. 
"  LOG.  RISING  oa  VKflSED  Sixk. 


.It 


G  HOURS. 


M 


0" 


10"  I  tiy  I  30"  I  40"  I  50" 


0]5 . 00000  00032  OOOeSIOOOy 5  00 1 2 ' 
1  5.00I8900S£l00252  0f  ^     '  nii^u»j..io 
2:5.00877  00*09 00440 , .  .   Oo(»2 00534 
3;5. 00565  005%  00627  00658|006Hy  00720 
4'5 . 0075 1  00782  LOB  13  00844,00^76  OO'JOti 


5 5.00937  00968  00<J<J9  (I  1091 

6  5.0n2«01I53  01la*Ui^U  i-i-K.  U1276 

7  6 . 0 1 306  01337  01 368  01 3i/i>  0 1 429  01 4i;9 
0152001551 


8  5.01490 
9,5.01672 


01703  01733  0l7ri3  01794,01824 


5.0^35  02065  020<> 
5.02215  02245022: 
135.02395  02-VJ5  024 
14 5.02574 026M3  02^,.. 


15  6.0'2751  027«1 
1615. 02928  0290U  029. 
17|5. 03 105103 134  03 1(;3 
18;5. 03280  03310  03339 
19'5.034.=)5  0313i|0.'i.5l3 


7  HOURS. 


01581 


01612  01042 


1 0  5 . 0 1 854|0 1 88410 1 9 1 5|0 1 945  0 1 97 5  0200:; 
11 
12 


:5  02155  02185 


»5  0233^f': 
10251 
'26920. 


02a 


fi5 
1  ^ 

.  > 


on: 


'i0}5.03629  0365i;' 
2115.03302  03331  ' 
22;5. 03975  04004  o  : 
23!5.04147  04175 04204 042. 


2415.0431 8 10 4346  01375 


!»71034S6 

'0 

4 

■  •jiQ 

;!18 

9 


04103104-1. 


25j5.04i 

26  5.G4bvr<  Ui0..o  i  i  0*/  i.,'J4'. . 
27I5 . 04826  04354  OWailo  ? 1 1 • ' 


28]6. 04994  05f»22 
2915.05162  051 :;:» 


3O5.05. 


31 

3a 


05050 
05217 


-9 
8 

1 .  (j6 
.>134 

05243  O5273|05300 


0.05  : 
5.051 

33  5.05^ 

34  5.05 


:3  05411 

i.'.i  19105577 
i0714lo574l 


I  7.:!o59U5  05933  05960 
I  I  (K.o  i  I  W)^9  06090  06123 


05439|05466 

(V  ''0  1  I    r  ?2 

0.  .         ,  j6 


'00 
36 


>62d8  06285 
06420  06147 


37;5.0647i(  '6554i00j31,0Cb08 
3:j:5.06G34  0Cb(il|  >67 14i0674llo6768 

39  5 . 06794  0632 1  06;i4b  06874  0690 1,06927 


40  5.06954 
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19960  19966 
20047  20063 
20143  20139 
202231 20^..:*IjuJ55" 


18762 

19070 
19172 


19273 
19374 
19474 
l;>573 
19672 


20335 
20430 


20324  20640 


20618 


20634 


20663  2068()|sii'6K6  20711  20727 
20742  20758  20773^80789  20804  20820' 

21004 


36  6.21201 

37 


21216 
21291  21306 
38|5. 21380  21395 
39  5.21410  21484 


40  5.21.56812167. 

41  6.21644 

42  6.217341 

43  5  'Mr:? 
445  .  . 


21034 


21 


1 '20897 
20988 
21080 


21140 
21231 
21321 

21  nn 
21 

21661  21676 
2174A  21763 


21155 
21246 
21336 


21170 
21261 
21351 

?!  !  to 


20351 
20445 


21096 


21186 
21276 
21366 
21456 
2 1. VI 3 


21602 
21690 
21777 


58|3 . 23068te308ll28096'«3108 
.23147123160(2317423187 


21bl7|- 
21706  21719 
21792|2lli00 

-..'79 


22061 


22066 


22136  22160 


45{5.21994  22008  22022  22037 
46  5 . 22079  22094 12 108  22 1 22 
47)5 .22164  22179  SSI  93  22207|St2SI 

48  5  .22249  22263  22277  '        '??^0  ',  22319 

49  6.22333  22347  223(;  1  , ,       ?2 1 0:1 

"53  ».  22417  2243?  22445         .j22472  ., 
51  5.22500 22614 2?528  2264ll2255.>  2:.-)69 

62  3.22583  2S696  22^0  22624(22637 '22651 

63  5.22665  2267822692  22706 

64  6.22746  22760  2277  3  22787 

M  k.22W!l22H41  22864  22868  2288 1  22^95 
56  5 . 2  J  :  922  22936  22948  22962  22975 
57|5 . 22i^8Mji3002|23016|230S8|2304S  23066 

23121  S3 1 34 
23200  23213 


227 191 22733 
22801 1 22^1 4 


\  HOURS. 


t  M  I  .  0" 


0  6.23226 


1 


2  6.23382|23:^^- 
3 


5.23469 
45.23636 


6.23612 
6 . 2368.S 
5.23764 
6.23839 
6.23913 


10 
11 
12 
13 
14 


19 


20 
21 

22 
23 


26 
26 
27 
28 

29 


6  83304 


6.23987 
5  2406f) 
6.2  ir- ' 
6.21  - 
5^24278 


10" 


20"  I  30"  I  40" 


23239  S3S58 


2.< ,  , 
2354! 


23317  23930  29343  23366  Sd9$9 


23266  23278 


20291 


23626 
23701 
23776 
23;;51 


2392523938 


'?1408  2:H21  23434 
I  K.^  23-198  23611 
>74  23587 

2»^  '  ~" 

237l4|-.i  <J0  23739 
23789  23801  23814 
23863  23876  23888 
23960  23962 


60" 


.'.i  ,011 
240  24083 
24158 


Hi:) 


1616.24349 
16 
17 
18 

6.2! 


24290 

2^1' 

2443- 
24503,.:  1 


24302 


24024 
24097 
2-1170 
2'1230{2424S 


24314 


23447 

23323 
23600 

76" 
2»i761 
23826 
23901 
23976 


J 4 036 
211(19 
241ft2 
24254 
24326 


24397 


24048 
24121 
24194 
24266 
24338 


6.24^121 
3.24491 

5.24.'»f^?  ei.-73!'21 


6.24700 
6.24769 
.24837 
6.2490 


24712 
24780 

-I    ,  ,fy 


24  6. 2497" 


6.23039 
6.26106 
.26172 


30 
31 
32 
33 
34 


5.26.'^0? 

5T25 
6.25431 1>! 
5.2649  J 
5.26657 
6.26620 


6.26682 
6.26744 

6.25'  • 

6.2.'. 
39|g.25. 

5.26987 
6.26046 


35 
36 
37 

38 


40 
41 


426.26105 


43 
41 


43 
46 
47 
48 


56 
67 
68 


^.26237  26  M: 


24983 


2472.', 
24792 
24860 
24927 

219U.:, 


24803 

24'"* ' 


24^109 

^79 
50 

.  .1  -  .  ',19 
24677  |i24689 

24746144767" 
2  If;  14124326 
24894 
.1  24  961 
'I7I26O28 


25050 
25117 
25I8L 


2.)(J6 1 


-15 
-.280 
25346 


25631 


25693 
25756 
!J16 


25703 


26641 12rir5l  25662 


26096 
26161 
26226 
25291 
25366 

2.M0!»  25420* 
..  23484 
23347 
...>l»L/  26610 
26672 


26765(2.0775  25783 


125724  25734 


6.26161 
6.26221 

6.262811 

6.26337 

6.26394 

6.26  !  ' 
a 


25997 
26056 
2611.' 


26347 
2640:i 

I'.  !  1 


25: 


26t 
26 


26795 

25836 
\'>17 

.  77 


'27 
186 


I  J. ■ 
51 

26366 


26422  26432  8G441 


50 

0 

.2f.. 

-  .571 

61 

6 

.26617 

26626 

62 

5 

.26671 

26680 

63 

3 

.26726 

26734 

64 

6 

. 20779 

178 


65  5.26J^.r 


1 1 

3.fr  :;94) 
6.26937  ::6946 


5.26989 


59  5.27041 


26998 
27049 


26680 
26636 
26689 
26743 
26797?r; 


26850 
26903 
26953 
27007 


266i;9 
26644 
S6698 
267  " 


26037 
26096 
26164 

-u-(  o|26213 
2626 1^26270 


263 IH  26328 


26376 


26488 
26643 


26385 


26497 

26663 


26598126608 
26633(26662 
:6716 
ol  26770 
,15.26823 


26911 

26963 
27015 
27068.27066 


26868 
26920 

26972 
27024 
27076 


26876 
26929 
26981 
27032 
27083 


.oogle 


1 
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TABLE  XXIII. 


To  find  the  Latitude  by  two  Altitudes  of  the  Sun. 


LOG.  RISIiNG  OR  VKKSKI)  SI  >.L 


10  HOURS. 


M|    0"    I  10^'  I  20"  I  SO''  I  W]  50" 


5.2714? 
6.27192 


27100  27109 
27151127159 
27201  27209 


6.«7i4««7««Wt7259 


46.t7291 


y7299l2730>i 


5  6.27540 

6  5.27388 
715.27436 
8|5. 27484187492 
915.27531  27539 


27  J4U|  27306 
2739627404 
2744427452 
27500 


10 
II 
12 
13|5 
145 


15 
16 


27577 
27Gi4 

276r)9t27677l27684|27692 

.27715 
.27759 


6.27804 
5.27848 
17j5.2789l 
18  5.27934 


19 


21 
22 


5.27977 


20^5.28019 


2806 

.28102 


38026 
1 128068 
28109 


23  5.28143 


24 


5.281:  4 


25j6. 28224  28231 


26 

27 

28 
29 


6.282642827028277 


5.28303 


30 
31 

32 
33,5 
345 


5.28342  28348 
5.2838028386 


.28418 
.28455 
.2849ii 
.28529 
.28565 


355 
365 
375 
385 
395 


28601 
28636 


40 
41 
42 
43 
44 


5.28773  28779 
5.28806  28812 
6.23839  28845 
5.28872  28877 

5.28904  28909 


46 
46 

47 
48 
49 


50 
51 
52 
53 
54 


55 


67 
68 


.28935 


28997 
29027 

29057 


5 . 29086 
5.29115 
5.29144 
5.29172 
5.29199 


5.29227 


565.29254  29258 


6.29280  39284 
5.29306  29310 
5.29332  29336 


27117 
27167 
27217 
27267 
27316 


27585 
27631 


27722 
27767 


27546 


27593 
27639 


27730 
27774 


27811 

27855 

27;{y9 
27942 


27f;i9 
27862 
27906 
27949 
27984127991 


23075 
28116 
28150(28157 
2ni91  2  !197 


28309 


38424 
2846 1 

28498 
28535 
28571 


28607 
28642 


28671  28677 
28706  28711 
28740  28745 


28337 


28316 
28354 

28393 


88430 
28468 

28505 
285-1 1 
28577 


28613 
28648 
28683 
23717 
28751 


27126  27 13-t 
27176'27I84 
27226;27884 
2727527283 
27324  27332 


27364 
27412 
27460 
27507 
2755-1 


27372;27380 
2742027428 
27468,27476 
27515  27523 
27562*27570 


27601 
27647 


27737 
27782 


27608'276I6 
27654127662 
27700127707 
27745i27752 
27789  27796 


27826 
27870 
27913 
27966 
27998 


28033  28040 


28082] 
28123 
28161 
28204 


28244 
28283 
28322 
28361 

28399 


28437 
28474 
2851 1 
28547 
28583 


28619 
28654 
28688 
28723 
28757 


28784 
38817 
38850 
28882 

28914 


28940 


38966  38971 


29003 
39033 
29062 


29091 
29120 
29148 
29176 
29204 


29231 


28945 
28976 
29007 
39037 
29067 


28790 
28823 
28855 
28888 
28919 


28951 
28981 
29013 
29043 
•9072 


29096129101 


29125 
291.53 
29181 
29209 


29236 
39362 

29289 


29129 
29158 
29186 
29213 


29240 
29267 
29293 
29315129319 
29340  293-14 


27833 
27877 
27920 
27963 
28005 


27840 
27884 
27927 
27970 
28012 


28047  28054 
28' 69  28096 
28130 
28170 
28211 


28137 
28177 
28217 


28250 


3839038396 


38329 
28367 
28405 


28443 


28480  28486 


28517 

28553 
28589 


28624 
28660 
28694 

28728 
28762 


28795 
28828 
28861 
28893 
28925 


28956 
28987 
29017 
29047 
29076 


29106 
29134 
29162 
29190 
29218 


28367 


28335 
28374 
28411 


28449 


28623 

28559 
23595 


28630 
28665 
28700 
38734 
28768 


23801 
28834 
28866 
38898 
38930 


28961 
28992 
39022 
29052 
29081 


29110 

^29139 
29167 
29195 
29222 


9<  I     t  - 


'M249 
2'.'--  1  -L>276 


29297 
29323 
29348 


29302 
29327 
29353 


II  HOURS. 


M 


5.29357 
5.29381 
3|5. 39406 
6.29430 
5.29453 


5.29476  29480 
5.29499  29503, 
7  6.2952139525 
5.29543  29546 

5.29564  29568 


10 
11 
12 
13 
14 


5.29585 
5.29606 
5.29626 
5.29646 
5.29665 


15 
16 
17 
18 
19 


20 
21 
23 
33 
34 


35 
36 
27 
28 
29 


30 
31 
32 
33 
34 


35 
36 
37 
38 
39 


40 
41 
42 
43 
44 


45 
46 
47 
48 
49 


0" 


10"  I  2«y'  I  30"     41  •"  I  50" 


29361 
29386 
29410 
29434 
29457 


29365 
29390 
29414 
'29438 
29461 


129484 
29606 
29538 

29550 
2957 1 


39369  29373129377 
29394; 29398i3940S 
29418  294SS894S6 


29441 


29465  2<f469  39472 


2944639449 


29488  39491  29495 
3951039614  39617 
8953339636  29539 
29554  3956739561 


29.'i78 


29583 


5.29684 
5.29702 
5.29720 
6.29738 
5.29755 


29687 
29705 
29723 
29741 

29758 


29772 
29788 
29804 
29820 
29835 


29919)39921 
29931 


5.29917 
5.29929 
5.29941 
5.29953]39954 

5.29963  29965 


2958' 

29601' 

29629 

29649 
29668 


.     _  29616  396li' 
2963S  29636  39639L 

29656  39668  89663 


29652 
29671 


29690  3%93  29696  29699 


29708 
29726 
29744 
29761 


2!i77;)  *-:'i777 


2'.<7'.»lp'l'7:a 
29807  29809 
29833!89835|89837 
29837139840 


29853|S9854j29857 
29871 


5.29850 

5.29864(39866)89868 
5.29878 
5.29891 
5.29904129906 


298803988839884 


39893 


29943 


39896] 
29908 


5. 
5. 
5. 
5. 
5. 


29971}29975 
29984  29986 


29994 
30003 
30012 


30020 
30028 
30036 


o. 
5. 
5. 

6.30045130044 
5.30050  30051 


30056 
30062 
30068 


5.30078 


29995 


3000490006 
30013  30015130016 


30022 
30030 


30068 
30063 
30069 


29945 
39956 
29967 


29977 
39987 
39997 


30023 
30031 


30046 
30053 


300593 


30064 
30070 


30073  30074  30075 


30079 


50 
51 
52 
53 
54 


55 
56 
57 
58 
59 


30082 
30086 


30083 
30087 


3009030090 


3009313009330094 


5.30096 


30098 
30100 
30101 
30102 


5 
5 
5. 
5 

5.30103130103 


30096 


30098 
30100 
130101 
30102 


30079 


29674  39677 


29681 


35711 


29729  29738  39735 


39747 


39764  29766  297^19 


297801 
39796 

39813  29816189817 


29842189646  89847 


29859  39161 
89873  89976 
39887 
39898|89900  89908 
2991189913  89916 


29947 

29958 
29969 


30037  30038  30040  SOOU  MMf 


30047 

30053 


89714  89717 


29749  89768 


29783  297&6 
8979989808 


2992329983  89987 


2993.'{  29935  39937  8993» 


89830  898a8 


29979  29981 
29989  29990|399St 
29998  30000  300M 
30007  30009  30010 
3001830019 

30024|30O86  90087  | 
J0(J32  30O34  30036  j 


[30048  30019 
300M30aw 


I3U061 


30065'.Wf;«  30067 
3007 1  -  30072 
30076130076  JOOH 
.'S0080  30081 


30084 
30087 
30091 


30084  30065  36001 


30098 


3008B 
30091 
30094 


30096  300'.r7 


30068 


300619  30069 


30096  30096 

30097  30697 


■0096 

30lOt>'vi010i  .  .  .  ■•101 
30]02|s0108l30102|30ia8 
3010  ^30103 
3010^  »,Ulo^vi'iuji30l08 


I. 


Google 


0 

1 

2 

3 
4 
d 
6 


7 
8 
9 
10 
11 
12 


13 
14 
15 
16 
17 
18 


19 
20 
21 
SS 
23 
24 


25 
26 
27 

98 

29 
30 


31 
32 
33 
34 

35 
36 


37 
38 
39 
40 
41 
42 


TABLE  XXIV. 

OF  NATURAL  SINKS. 


Id9 


43 
44 
46 
46 
47 
48 


M.  ,N.8ine.\iN.  cos, 


49 
50 
51 
52 
53 
54 


65 

56 
57 
58 
59 
60 


00029 
0!r)0d8 


100000 

lOOOOC 

lOfKKtO 


iN.sine.  N.  c<A.|iV.9iue 


2"  y>     I  40 

IS.  COS  .N.slne.  N.  cos. 


00087,  imxxxj 


0011 G 
00145 
00175 


104JO<JO 
100000 
100000 


0020i 
002;J3 
00262 
00291 
00320 
00349 

00378 
00407 
00436 
00465 
00495 
00524 


005d:i 
00582 
0061 1 
00640 
00669 
00698 


1 00000 
lOOOUl^ 
100000 
100000 
99999 
99999 


9yy9«> 

9999i) 
99999 

9999; 
99999 


00727 
00756 
00785 
00814 
00R44 
00873 


00902 
00931 
00960 
00989 
01018 
01047 


9999H 
99998 
99998 
9999f. 
99998 
99998 


99997 
99997 
99997 
99997 
99996 
99996 


01076 
01105 
01134 
01164] 
01193 
01222 


99996 
99996 
99995 
99995 
99995 
99995 


0I25I 

012801 

01309 

01338 

01367 

01396 


99994 

99994 

99994 

9999: 

99993 

99993 


01425 

01454] 

01483 

01513 

01542 

01571 


0160(> 
01629 
0165 
M687 
0I71«; 
01745 


99992 
99992 
99991 
99991 
99991 
99990 


01745 

01774 

01803 

01832 

01862 

0189 

01920 


01^49 
01978 
02007 
02036 
02065 
0209 


02123 

02152 

0218 

0221 

02240 

02269 


0229J 

02327 

02356 

02385 

0241 

02443 


02472 

02501 

02530 

0256( 

02589 

02618 

02647 
02676 
02705 
02734 
02763 
02792 


02821 
02850 
02879 

02908 
02938 
02967 


99990 
99989 
99989 
99989 
99988 
999^8 


99987 
99937 
999!  6 
999:;6 
99985 
99985 


IN,  cos 


I 


.|.\.sine. 


02996 
03025 
03054 
03083 
03112 
03141 


03170 
03199 
03228 
03257 
032.':6 
03316 


03345 

03374 
0:^3 
03432 
03461 
03490 


99985 
99984 
99984 
99983 
999JjJ 
99982 
999b2 


99981 
99980 
99980 
99979 
99979 
99978 


99977 
99977 
99976 
99976 
99975 
99974 


99974 

99973 

99972 

99972 

99971 

99970 


99969 
99969 
99968 
99967 
99966 
99966 


03490 
03519 
035^^8 
03577 
03606 
03635 
0366 


03693 
03723 
03752 
03781 
03810 
03839 


03868 
03897 
03926 
03955 
0395H 
04013 


0404  i: 
04071 
04100 
04129 
04151 
04188 


99965 
99964 
99963 
99963 
99962 
99961 


99960 
99959 
99959 
99958 
99957 
99956 


99955 
99954 
99953 
99952 

99952 
99951 


99950 
99949 
99^48 
99947 
99946 
99945 


>.  COS. 


99944 
99943 
99942 
99941 
99940 
99939 


04217 
04246 
04275 
04304 
04333 
04362 


04391 
04420 
04-U9 
04-178 
04507 
04536 


N.  cos.jN.sine 


99939 
99938t 
99937 
99936 
99935 
99934 


99932 
999 J I 
99930 
99929 
99927 
99926 


05234 
05263 
05292 
05321 
05350 
06379 


99933  05408 


99925 
99924 
99923 
99922 
9992 
99919 


9991 
99917 
99916 
999151 
99913 
99912 


99911 
999  lOl 
99909 
99907 
99906 
999051 


04565 
04594 
04623 
04653 
04682 
04711 


04740 
04769 
04798 
04827 
04856 
04885 


04914 
04943 
04972 
05001 
05030 
05059 


05088 
05117 
06146 
05175 
05206 
ObrM'l 


999041 

99902 
99901 
99900 
99898 
99897 


99896 
99894 
99893 
99892 
99890 
99889 


9988i< 
99886 
99886 
99883 
99882 
99881 


99879 
99878 
99876 
99875 
99873 
99872 


99870 
99869 
99667 
99866 
99864 
99863 


06437 
05466 
05495 
06524 
05553 
05682 


99863| 

99861 

99860 

99858 

99867 

99855 

99854 


05611 
06640 
05669 
06698 
05727 
0576<) 


05786 
05814 
06844 
06873 
06902 
05931 


05960 
06989 
06018 
06047 
06076 
06106 


061341 
06163 
06192 

06221 
06260 
06279 


99862 

9986 

99849 

99847 

99846 

99844 


99842 

9984 

99839 

9983 

99836 

99834 


99833 

9983 

99829 

99827 

99826 

9982 


99822 
99821 
99819 
99817 
99815 
99813 


99812 

99810 

99808 

99806 

993041 

99803 


06308 
06337 
06366 
06395 
06424 
06453 


06482 
06611 
06540 
06669 
06598 
06627 


06656 
06685 
06714 
06743 
06773 
06802i 


99801 
99799 
99797 
99795 
99793 
99792 


99790 
99788 
99786 
99784 
99782 
99780J 


99778 
99776 
99774 
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1  76511 

65716 

75375 

<^7f»»T  1 

74217 

68306 

73036 

69*70 

1  lo39 

50 

G 

64412 

76492 

65738 

75356 
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74198 

68327 

73016 

69.^91 
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54 

7 

G14J3:  7»;47:3 

G.>759 

75337 

67064 

74178 

68349 

72996 

69612 

71792 

53 

8 

64-^57 

76455 

66781 

75318 

67086 

74159 

68.no 

72976 

69633 

71772 

52 

9 

C4479,  76*36 

65803 

75299 

67107 

74139 

68391 

72967 

69654 

71752 
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10 
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65825 

75280 
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74120 
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72937 

69675 
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12 
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G0ii69 

75241 
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74080 

684.55 

72897 

69717 
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13 

64.)G8 

7636 1 

65891 

75222 

67194 

74061 

68476 

72877 

69737 

71671 

47 

14 

64590 

76342 

65913 

75203 

67215 

74041 

68497 

72857 

69758 

71650 

46 

15 

64012 

/03«o 

65935 

75184 

67237 

74022 

68518 

72837 

69779 

71630 

45 

16 

u403j 

•7  iron  J. 

65956 

75165 

/no  r.o 

74002 

68539 

72817 

69800 

7 1  in 
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17 

64557 

65978 

75146 
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73983 

68561 

72797 

69821 
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18 
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75126 
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D  <  <}U  1 

73963 

68582 

72777 

69842 

71  »WIQ 

19 

64701 

76-^43 

66022 

75107 

67323 

7394 1 

68603 

72757 

69862 

71549 

41 

20 

64723 

76229 

66044 

75088 

6734-1 

73924 

68624 

72737 

69383 

71629 

40 

21 

G4746 
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66066 

75069 

67366 

73904 

68645 

72717 

69904 

71508 

39 

22 
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66088 
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73885 
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72697 
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23 
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T7 
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0  4o  IJ 

1 U  I 

66131 

75011 

0  /  tOv 

73846 

68709 

72657 

69966 
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nc 

25 

64834 

76135 

66153 

74992 

67452 

73826 

68730 

72637 

69987 

71427 

36 

26 

64856 

76116 

66 175 

74973 

67473 

73806 

68751 

72617 

70008 

71407 

34 

27 

64}<78 

/uU'J  / 

66197 

74953 

67495 

73787 

68772 

72597 

70020 

71386 

33 

28 
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I  Dl/  1  0 

66218 

74934 
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7 1  'xr^a 
i  1  <>oo 
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29 

66240 
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68814 

72557 

70070 
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30 
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7^1  Lit 

66262 

74896 

U  1  iiiJJ 

73728 

68835 

72537 

70091 

71 S*** 

<A 

31 

64967 

76022 

66284 

7487G 

67580 

73708 

68857 

72517 

70112 

71306 

29 

32 

64989 

76003 

66306 

74857 

67602 

73688 

68878 

72497 

70132 

71284 

28 

33 

6a01 1 

66327 

74838 

67623 

73669 

68899 

72477 

70153 

71264 

27 

34 

66349 

74818 

die  1 1 
0/045 

73649 

C8920 

72457 

70174 

ZD 

36 

D505i> 

66371 

74799 

0  #000 

73629 

68941 

72437 

70195 

7199*1 

ZO 

36 

o5U77 

66393 

74780 

0  /boo 

73610 

68962 

72417 

70215 

7  1  9>f\1 

37 

65100 

75908 

66414 

74760 

67709 

73590 

68983 

72397 

70236 

71182 

23 

38 

6.'>122 

75839 

66436 

74741 

67730 

73.570 

69004 

72377 

70257 

71162 

22 

39 

65144 

/Oo7U 

66458 

74722 

67752 

73551 

69025 

72357 

70277 

71141 

21 

40 

65166 

75851 

66480 

74703 

\>  1 1  to 

73531 

69046 

72337 

70298 

7 1 1 0 1 

71  IZl 

zu 

41 

65188 

75832 

66501 

74683 

73511 

69067 

72317 

70319 

71  inn 

1Q 

42 

65210 

75813 

66523 

74664 

67816 

73491 

69088 

72297 

1  70339 

7  loan 

10 

43 

65232 

75794 

66545 

74644 

67837 

73472 

69109 

72277 

70360 

71059 

■  -  -4 

17 

44 

65254 

75775 

66566 

74625 

67859 

73452 

69130 

72267 

70381 

71039 

16 

45 

65276 

75756 

66588 

7't606 

67880 

73432 

69151 

72236 

70401 

71019 

15 

46 

65298 

75738 

66610 

74586 

^7Qni 

73413 

69172 

72216 

70422 

11 

47 

65320 

75719 

66632 

74567 

fi7Q9'X 

73393 

69193 

72196  70443 

48 

65342 

75700 

66653 

74548 
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73373 

69214 

72176 

70463 

19 
IZ 

49 

65364 

75680 

66675 

74528 

67965 

73353 

69235 

72156 

70484 

70937 

11 

50 

65386 

75661 

6G697 

74509 

67987 

73333 

69256 

72136 

70506 

70916 

10 

51 

65408 

75642 

C6718 

74489 

68008 

73314 

69277 

72116 

70625 

70896 

9 

-62 

65430 

76623 

66740 

74470 

73294 

69298 

72095 

70646 

70876 

0 
0 

53 

65462 

75604 

66762 

74451 

68051 

73274 

69319 

72075 

70567 

70856 

7 

54 

65474 

75585 

66783 

74431 

68072 

73254 

69340 

72055 

70587 

70834 

6 

56 

65-196 

75566 

66805 

74412 

68093 

73234 

69361 

72035 

70608 

70813 

6 

66 

65518 

75547 

C6827 

74392 

68115 

73215 

69382 

72015 

70628 
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4 

57 

65540 

75528 

66848 

74373 

68136 

73195 

69403 

71995 

70649 

70772 

3 

58 

65562 

75509 

66870 

74353 

68157 

73175 

69424 

71974 

70670 

70752 

2 

C5584 

75-190 

66891 

74334 

68179 

73155 

69'W5 

7ly.oi 

70690 

70731 

1 

! 

60 

65606 

75^171 

66913 

74314 

68200 

73135 

69466 

71934 

70711 

70711 

0 
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Of.  Logarithimc  Sines,  Tangents,  and  Secants  to  every  Point  and  Qauta 

Point  of  the  Compass. 


Sine. 

Co.  sine. 

Taiigeut. 

Co.  tang. 

Secant,  i 

Co.  secant.] 

0 

0  i 
0  i 
0  i 

Inf.  ne;;. 
B.GIKHJO 
8.99130 
9.1(»6dft 

10.00000 
9.99948 
9.99790 
9.99597 

Inf.  iieg. 
R. 69 132 
8.99340 
9.17125 

Infinite. 
11.30868 
11.00660 
10.82875 
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10.00052  1 
10.00S10 
10.00473  1 
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11.30920 
11.00870 
10.8.S34i{ 

8 

^  % 
7  4 
7  k 

1 

1  \ 

1  Jl 
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9.S9024 

9 . 38557 
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9.9916T 

9.97384 

9.f9866 
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10.70134 
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7 

n 

2 

«  i 

2  i 
2  i 
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9.69099 

9.67339 
9.71105 

9.96562 
9 • 986t6 

9.94543 
9.93335 

9.61722 
9.67483 

9.72796 
9.77770 

10.38278 
10.325n 

10.27204 

10.22230 

10.0.H38 
10.04384 

10.05457 

10.06665 

10.417)6 
10.3690J 

10.32661 
10.286-95 

6 

5  i 
5  i 

3 

n 

9.74474 
9.77503 
9.80236 
9.8S708 

9.91985 
9.90483 
9.88819 
9.86979 

9 . 82489 
9.87020 
9.91417 
9.9jnt9 

10.17511 
10.12980 
10.08583 
10.04271 

10<):<0I5 
10.09517 
10.11181 

10.13021 
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I  10.172^2 

5 
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1  4  .t 
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10.00000 
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Log. 

N. 

Log. 

N.  1  Log. 

N. 

Log.  j 

i 

Log. 

1 

21 

1.32222 

41 

1.61278 

61 

1 .78533 

81 

1. 90849 

o 

0.30103 

22 

1 . 34242 

42 

1 .62325 

62 

1 .10139 

82 

1  91331 

3 

0.47712 

23 

1 .36173 

43 

1.63347 

63 

1  .71)934 

83 

1  91908 

■  4 

0.60206 

24 

1 .38021 

44 

1 .64345 

64 

1.80618 

84 

1.924£8 

6 

0.69897 

25 

1 .39794 

45 

1.65321 

66 

1.81291 

85 

I  92912 

6 

o.rmi5 

26 

1.41497 

46 

1.66276 

66 

1.81954 

86 

1.9^3idS 

7 

0.84510 

27 

1.43136 

47 

1.67210 

67 

1.82607 

87 

1.93852 

8 

0.90809 

28 

1  44716 

48 

1 .68124 

68 

1.83251 

88 

1  94445 

9 

0.96424 

29 

1.46240 

49 

1.69020 

60 

1 . 83885 

89 

1 .94955 

10 

1.00000 

30 

1.47712 

50 

I .69897 

70 

1 .84510 

90 

1  9.>i;4 

11 

1.04139 

31 

1.49136 

51 

1 .70757 

71 

1.85126 

91 

1 .9^5^ 

IS 

1 .07918 

32 

1.50515 

52 

1.71600 

72 

1.85733 

92 

1.96979 

13 

1.11394 

33 

1  .518.^1 

63 

1 .72428 

73 

1 .86332 

93 

1 . 96S4:i 

14 

1.14613 

34 

1.53148 

54 

1 .73239 

74 

1 .86923 

94 

I  97313 

15 

1.17609 

35 

1  .5-W07 

65 

1 .740,% 

75 

1.87.506 

95 

1  9777; 

16 

1.20412 

36 

1 .65630 

56 

1.74819 

76 

1.88081 

96 

Tr9iii**7 

17 

1.23045 

37 

1.56820 

67 

1.75587 

77 

1.88649 

97 

1.9«677 

18 

1.25527 

38 

1.57978 

68 

1 .76343 

78 

1.89209 

98 

1.99123 

19 

1.27875 

39 

1 .59106 

69 

1  .77085 

79 

1.89763 

99 

1 

10 

1.30103 

40 

1.602U6 

60 

1.77815 

80 
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Log. 


100- 


-IGOO. 


IIIIIUU 


1 


OOIXK) 
00432 
00360 
01284 
01703 


02119 
02o31 
021)38 
033-12 
037431 


041391 

04532 
04922 
0i>308 
05690 


060701 
06116 
0(i;;i9 
07188 
07556 

"07yT8 

08279 

03n36 
08991 
09342 


09691 
10037 

10380 
10721 
11 059 


11394 
11727 

12057 

12385 
12710 


1303.3 
13364 
13672 

13988 
11301 

14922 
15229 
15534 
16836 


000 1^ 

00903 
01326 
01715 


021  GO 
02572 
02979 
03383 
037821 


04179 

04571 

ot9<;i 

05346 
06729 


0O087 
00518 
00945 
01368 

01787 


8 


0220:2 
026  U 
03019 
03423 
038S2 


04218 

04610 
04999 
05385 
05767 


06108 

06183) 
06856' 
07225 
07691 


06145 

06521 

06: 19:^ 
07i62 
07628 


07954^ 
08314 

08672 
09026 
0937 

09726 
10072 

10415 

10755 

lioyj 


11428 
11760 
12090 

12418 
12743 


07990 
08350 
08707 
0906 1 
09112 

"09760 
10106 

10449 
10789 

1 1 1 

1U61 
11793 
12123 

12460 

12775 


13066 

13386v 

13704^ 

14019! 
11333 


14644 
14953 
15259 
15564 
15866 


161371 

I6I35I 

16732 

17026) 

17319 


17609 
17898 
18184 
18469 
18752 


16IG7 
16465 
16761 
17006 
173-« 


13098 
13418 
137351 

11051 
1  t 

14675 
14983 
15290 
15594 
15897 


17638 
17926 
18213 
18498 
18780 


19033 
15)312 
1 5)590 
Jl>866i 
S014d 


19061 
19340 
19618 
19893 
20167 


16197 
16495 
16791 
17080 
17377 


17667 
17955 
18241 
18526 

18803 


001301 
00561 
00988 
014101 

01828 


0  22 13 
02653 
03060 
03463 
03862 


04258 

01650 
05038 
05423 
05805 


06183 

06558 
06930 
07298 
07664 


00173 
00601 
01030 
014At 
01870 


022^1 
02691 
03100 
OSflOS 
03902 


04297 
04689 
05077 
05461 
068431 


08027 
08386 

08713 
09096 
09147 


09795 
10140 

10483 

10823 
1 1 1  (iO 

11494 
11826 

12166 

12483 

12808 


13130 
13450 
19767 

1  1082 
21395 

llTOt 
15014 
16320 

15625 
15927 


16227 
16524 
16820 
17114 
17406 


17696 
17984 
18270 
180641 

Jr>  o  1  <" 
ou.)  I 


06221 

06595 
06967 
07335 
07700 


08063 
08422 

08778 
09132 
0918. 


09830 
10176 

10517 

10857 
11193 


11528 
11860 

12189 

12516 
12810 


13162 
13481 
13799 

14111 

14426 


11737 
15045 
16S61 

15655 
15957 


!625» 

16554 

16860 

17143 

17436 


17725 
18013 
18298 
18683 

18865 


Wmi'  002601 

♦X'647  006-.9i 

01072  01115 

01494  016361 


01912 


02325 
0:735 
03141 
036431 

03911 


01963 


02366 
02776 
03181 
036881 

o.;:i;';i 


013,jb 
0172 
05115 
05500 
06881 


06268 

06633 
07001 
07372 
07787 


08099 
08458 
08811 
09167 
09517 

Ti9864 
0209 

055 1 
0890 
1227 


1561 
U893I 

2222 

2548 
2872 


19089i 
19368; 
19645 
19921 
t0]94t 


19117  19115 

19396  19121 


19673 
19948 


19700 
19976 
20249 


3191 
3513 
3830 
4115 
1457 


4768 
5076 
6981 

5685 
5987 


6286 
6584 
6879 
7173 
7464 


77641 

8041 

8327 

8611 

8893 


9173 
9151 

9728 
20003 
20276 


0.1376 
01766 
05151 
05538 
06918 


06296 

OGtwO 
07011 
07408 
077791 


081361 

08493 
08849 
09202 
09552 


09899 
10249 

10585 
10924 
11261 


11594 
11926 

12254 
12581 
\20i^ 


13226 
13545 
13862 

14176 
I  U89 


14799 
15106 
16412} 

1571, 
16017 


16316 
16613 
16909 
17202 
17493 


17782 

18070 

18355 

186991 

18921 


19201 
19479 
19756 
200801 

20303 


00303 
00732 
01157 
01678 
01996 


003Mil 
0077,> 
01199 
01620 
02036 


02407 
02816 
032221 
0S62fl 


00389 
00817 
01242 
01662 
02078 


02449 
02857 
03262; 

036631 

0  J,  i 


02190 
02898 
03302 
03708 

r  i  ioo 


01115 
04805 
05192 
05576 
06966 


06933 

06707 
07078 
074^ 
07809 


08171 

08529 
08884 
09237 
09587 


09934 
I0278( 

10619 

10958 
11291 

11628 

119691 

12287 

t?613 

12937 


13258 
13577 
19893 

14208 
14520 


14829 
15137 
1644SI 

15746 
16047 


16346 
16643 
16988 
17231 
176221 


17811 
18099 
18384 
18667 
18949 


19229 
19507 
19783 


!9l0330 


04454 
04841 
05231 
05614 
06994 


06371 
06744 
07115 
07482 
07846 


08207 

08565 
08920 
09272 
09621 


0996H 
103I2I 

10653 
10992 
11327 

Tr661 
119921 

12320 

12616 

12969 

'13290 
13609 
13925 
14239 
1 1551 


<m93 
0l:!83 
05269 
05652 
06092 


06408 
06781 
07151 
07518 
07882 


08243 

0b600 
0,;955 
09307 
09656 


10003 
10346 

1C687 
11025 
1 1361 


11860 
15168 
164791 

15776 
16077 


16376 
16673 
16967 
17260 
17651 


17840 
18127 
18412 
18696 
18977 


19257 
19535 
19811 


1169-1 
12024 

12352 
12678 
13001 

T3322" 

13640 

13966 

11270 

11582 


14891 
15198 
16609 

16107 


16106 
16702 
16997 
17289 
17680 


17869 
18156 
18441 
18724 
19006 


20358 


8 


19286 

19562 

19838 


10086  20112 


20333 
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LOGARITHMS  OF  NUMBER8. 


-2300. 


Log.  20112  34242. 


1  iNo. 

0 

1 

4 

3 

4  1 

5 

6 

7 

8 

9  1 

1  ItiO 

20412 

20439 

20466 

20493 

205201 

20548 

20575 

20602 

20629 

20666  1 

161 

30683 

20710 

20737 

20763 

20790 

20817 

20844 

20871 

20898 

20926 

162 

20952 

20978 

21005 

21032 

21059 

21085 

21112 

ill39 

21166 

2119S 

163 

21219 

21245 

21272 

21299 

213S6 

21352 

21378 

21405 

21431 

21468 

164 

21484 

21511 

21537 

21564 

21590 

21617 

21643 

S1669 

21696 

21722 

165 

21748 

21775 

21801 

21827 

21864 

21880 

21906 

21932 

21968 

21985 

166 

22011 

22037 

22063 

22089 

22116 

22141 

22167 

22194 

2SSS0 

22246 

167 

22272 

22298 

2S324 

22350 

22376 

22401 

22427 

22453 

22479 

22505 

168 

22531 

22557 

22683 

22608 

22634 

22660 

22686 

22712 

2S737 

22763 

169 

22789 

22814 

22840 

22866 

22891 

22917 

22943 

22968 

2S994 

23019 

170 

23046 

23070 

23096 

23121 

23147 

23172 

23198 

23223 

S3S49 

23274 

171 

23300 

23325 

23350 

23376 

23401 

23426 

2:3452 

23477 

23502 

23588 

172 

23553 

23578 

23603 

23629 

23654 

2:3679 

23704 

23729 

23764 

23779 

173 

23805 

23830 

23855 

23880 

23905 

23930 

23955 

23980 

24005 

24030 

174 

24055 

24080 

24105 

24130 

24155 

24180 

24204 

84SS9 

84264 

24279 

175 

24304 

24329 

24353 

24378 

24403 

24428 

24462 

24477 

24M3 

24527 

176 

24551 

24576 

24601 

24625 

24650 

24674 

21699 

24724 

24748 

24773 

177 

24797 

24822 

24846 

24871 

24895 

24920 

24944 

24969 

24^93 

25018 

178 

2504S 

25066 

25091 

25115 

25139 

25164 

251£8 

25212 

26237 

25261 

179 

25285 

25310 

25334 

25368 

25382 

25406 

25431 

26466 

26479 

2550S 

lUO 

25527 

25551 

25575 

26600 

25624 

25648 

25672 

25696 

25720 

25744 

181 

25768 

25792 

26816 

26840 

25864 

25888 

25912 

25935 

25959 

26983 

182 

26007 

26031 

26055 

26079 

26102 

26126 

26150 

26174 

26198 

262S1 

183 

26245 

26269 

26293 

26316 

26340 

26364 

26337 

26411 

26435 

26468 

184 

26482 

26505 

26529 

26553 

26576 

26600 

26623 

26647 

26670 

26694 

185 

26717 

26741 

26764 

26788 

26811 

26834 

26858 

26831 

26905 

26928 

186 

26951 

26975 

26998 

27021 

27045 

27068 

27091 

27114 

27138 

27161 

187 

27184 

27207 

27231 

27264 

2^277 

27300 

27323 

27346 

27370 

27393 

183 

27416 

27439 

27462 

27485 

27508 

27531 

27554 

27577 

27600 

2762^ 

189 

27646 

27669 

27692 

27715 

27738 

27761 

27784 

27807 

27830 

27868 

190 

27875 

27898 

27921 

27944 

'27967 

27989 

28012 

28035 

28068 

28081 

191 

28103 

28126 

28149 

28171 

2t;i94 

28217 

28240 

28262 

28886 

S83«7 

192 

28330 

28353 

28375 

28398 

28421 

28443 

28466 

28488 

28611 

S8693 

193 

28556 

28.^)78 

•28601 

2G623 

28646 

28668 

28691 

28713 

88735 

S8768 

194 

28780 

28803 

28825 

w 

28847 

28870 

28892 

28914 

28937 

28969 

28981 

195 

29003 

29026 

29048 

29070 

29092 

29115 

29137 

29159 

29181 

29203 

196 

292261  29245 

29270 

29292 

29314 

29336 

29368 

29380 

29403 

S»t25 

197 

29447 

29469 

29491 

29513 

29535 

29557 

29579 

29601 

29623 

89646 

198 

29667 

29688 

29710 

29732 

297.54 

29776 

29798 

29820 

29842 

29863 

199 

S9886 

29907 

29929 

29951 

29973 

29994 

:i0016 

30038 

30060 

30081 

200 

301031  30125 

30146 

;)0168 

30190 

30211 

30233 

30255 

30276 

30298 

201 

30320!  30341 

3036J 

30384 

30406 

30428 

30-149 

30471 

30492 

30514 

202 

30535 

30557 

30573 

30600 

30621 

30643 

30664 

30685 

30707 

307SS 

203 

30750 

30771 

30792 

30814 

30835 

30856 

30878 

30899 

30920 

30942 

204 

30963 

30984 

31006 

31027 

31048 

31069 

31091 

31112 

31133 

31164 

:20b 

31175 

31197 

31218 

31239 

31260 

31281 

31302 

31323 

31345 

31366 

106 

31387 

31408 

31429 

31450 

31471 

31492 

31513 

31634 

31555 

31576 

207 

31597 

31618 

31639 

31660 

31681 

31702 

31723 

31744 

31765 

31785 

208 

31806 

31827 

31848 

31869 

31890 

31911 

31931 

31962 

31973 

31994 

209 

32015 

32035 

32056 

32077 

32098 

32118 

32139 

32160 

32181 

32201 

210 

32222 

32243 

32263 

32284 

32305 

32325 

323*16 

32366 

38387 

32498 

211 

32488 

32449 

32469 

32490 

32510 

32531 

32552 

32672 

38693 

38613 

SIS 

32634 

32654 

32676 

32695 

32715 

32736 

32756 

32777 

32797 

38818 

213 

32838 

32868 

32879 

32899 

32919 

32940 

3S960 

3S980 

33001 

39081 

214 

33041 

33062 

33082 

33102 

33122 

33143 

33163 

33183 

33203 

33884 

1  216 

33S44 

33264 

33284 

33304 

33325 

33346 

33,366 

33386 

33406 

35426 

1  216 

33445 

33465 

33486 

33506 

33636 

33M6 

33566 

33586 

33606 

39626 

1  217 

33646 

33666 

33686 

33706 

33726 

33746 

33786 

33806 

33826 

218 

33846 

33866 

33885 

33905 

33925 

33946 

33965 

33985 

34006 

34086 

219 

34044 

34064 

34004 

34104,' 

34124 

34143 

34163 

34183 

34203 

34283 

1  No. 

0 

I 

3  1 

4 

5 

6 

7 

8 

9 

TABLE  XXVI. 

LbOAUTHMt  or  MUIIBMS. 


No.  2200- 


-2800. 


Log.  54242- 


447 1 G. 


1  No. 

0 

I 

1  ^ 

3  . 

4 

5 

6 

7 

8 

9  ' 

1  2!^ 

34241 

34262 

I  342il2i  3kJ01 

34321 

34341 

1  34361 

34380 

34400 

3-L420 

ftl 

S44S9 

344fiQ 

34479 

.34-190 

34518 

'  3*637 

345117 

W  WkMwM  ff 

34577 

9  ff 

34596 

34616 

1  222 

34713 

34733 

34753 

34772 

3479*^ 

348 1 1 

%J  rv>  ■  ff 

223 

34fl:iO 

34fi69 

34889 

34908 

34928 

34947 

34967 

34986 

3.j(K)5 

224 

35025 

3.7044 

35102 

35122 

35141 

35160 

35180 

35199 

225 

~3V^1H 

35257 

35276 

35315 

35353 

35372 

tJ\j*  9  9 

35392 

226 

3541 1 

,  35449 

35468 

35507 

35526 

;).5.54') 

35583 

vet 

3Jlfi92 

35698 

35774 

ff  •  w 

SS8 

Ti703 

3.5908 

35927 

35965 

S29 

35984 

36003 

3r>o.io 

36059 

36078 

36097 

36116 

36135 

36154 

Wvl  1  ff  O 

36211 

3(i229 

111 '  u: 

3«;2H6 

36305 

.36.i''4 

231 

36399 

36418 

.364/in 

36474 

36493 

36511 

36530 

232 

.16624 

36642 

36661 

36680 

36698 

36717 

233 

367^1 

3677 

36791 

36  "{29 

36847 

36866 

36884 

36903 

234 

36922 

36940 

36996 

37014 

37033 

37051 

37070 

37088 

235 

37107 

37141 

37162 

37 1 99 

37218 

37236 

37^.51 

.37273 

236 

37201 

37T10 

37328 

37346 

37  3»i  1 

37, if  53 

37401 

37420 

37438 

37457 

fS7 

37475 

3749'{ 

O  4  O  I  1 

37566 

37585 

37603 

37621 

1/  ff  W'w  1 

37639 

238 

37658 

37676 

37694 

37712 

37731 

37749 

37767 

37786 

37803 

w  ff  WW 

37822 

259 

37840 

37858 

37876 

S7894 

w  ff  V«/ * 

37912 

37931 

37949 

379C7 

97985 

38003 

210 

38021 

380.39 

38057 

38075 

38093 

3:{1 12 

3Ri;^«)!  3314;": 

38166 

38134 

241 

33202 

38220 

3JI23r, 

3.'r256 

38274 

38292 

38310 

.3832h 

38346 

33. '.64 

242 

383U2 

38399 

38453 

38471 

3K4A9 

38.507 

38525 

VwW'fc  V 

385'43 

243 

38578 

38596 

38614 

38632 

386.50 

38668 

38686 

38703 

38721 

W  ff  A  A 

337.'J9 

387.')7 

3o77") 

•     ft  J  *  / 

3879" 

.3n«io 

3J{828 

38;!  th 

anrr^.i 

38899 

3.SU17 

38934 

3}]952 

3K97(i 

389o7 

39005 

^  — 

39023 

59041 

39058 

1^  »y  V/  *J  \J 

39076 

246 

391 1  ] 

39129 

39 1 46 

39164 

39182 

39199 

39217 

39235 

39252 

247 

39.340 

39358 

39375 

V  ff  V 

39393 

39410 

39428 

248 

t94J{ft 

39533 

39550 

39568 

3958.5 

39602 

S«9 

39620 

39G37 

^0679 

39690 

39707 

39724 

39742 

39759 

39777  i 

SAO 

OifO  m  1 

39829 

39846 

39698 

39915 

40002 

40019 

40037 

400 '>4 

40071 

40088 

40106 

40123 

101  10 

40175 

40192 

40243 

40261 

40*^78 

40346 

40364 

40381 

40.39H 

40415 

40432 

264 

40483 

40500 

405)8 

40335 

40552 

40569 

40686 

40603 

40620 

40637 

40671 

40688 

40706 

40722 

40739 

40766 

40773 

40790 

ff 

40807 

40853 

40876 

40909 

40926 

40943 

40960 

40976 

40993 

41010 

41027 

4104-1 

41061 

4107M 

41095 

41111 

41 128 

41 145 

253 

41 L62 

41 179 

4119G 

41212 

41229 

41246 

41263 

41280 

41296 

41313 

259 

41330 

41347 

41363 

41380 

41397 

41414 

41430 

41447 

41464 

41481 

:260 

41497 

41514 

41.'j3I 

41564 

41581 

41597 

41614 

41631 

41647 

261 

41664 

41681 

41697 

41714 

41731 

41747 

41764 

41780 

41797 

41814 

262 

4lo30 

41H47 

41863 

41880 

41896 

41913 

41929 

41946 

41963 

4 197 'I 

*»C3 

V  V 

41996 

4  2012 

420291  42045 

42062 

42078 

42095 

42111 

42127 

42144 

264 

42161) 

12177 

42193 

42210 

42226 

4224,3 

422j9 

4227a 

,  42292 

42308 

42325 

42341 

42357 

42374 

42390 

42406 

42423 

42439 

42>i55 

42474 

42488 

42504 

42521 

42537 

42553 

42570 

42586 

42602 

42619 

4263A 

42651 

42667 

42684 

42700 

42716 

42732 

42749 

42765 

42781 

42797 

268 

428 1 3 

■12830 

42846 

42862 

4287)} 

4289* 

42911 

42927 

42943 

429.59 

269 

42975 

42991 

43008 

43024 

43040 

43056 

43072 

4308;; 

43104 

43120 

270 

4.}  1 36 

43152 

431G9 

43185 

43201 

43217 

43233 

43249 

43265 

43281 

271 

43297 

43313 

13329 

43345 

43361 

43377 

43393 

43409 

43425 

43441 

272 

43457 

43473 

•43189 

43505 

43521 

43639 

43553 

43569 

43584 

43600 

273 

43616 

436.32 

13648 

43664 

43680 

43696 

43712 

4.3727 

43743 

437.i9 

274 

43775 

43791 

43.S07 

43H23 

43838 

43854 

43870 

43886 

43902 

4.i9l7  . 

275 

43933 

43949 

43965 

43981 

43996 

44012 

44028 

"44044 

44059 

440-;  5 

276 

44091 

44107 

44122 

44138 

44154 

44170 

44185 

44201 

44217 

4-1232 

277 

44248 

44264 

44279 

44295 

44311 

44326 

^443«8 

44373 

44389 

278 

44404 

44420 

44436 

44451 

44467 

44483 

44498 

|«6H 

4^1529 

44545 

279 

44660 

44576 

44592 

44607 

44623 

44638 

1  44wo4 

44669 

44685 

44700 

iNo. 

0 

1 

2 

S 

4 

49 

L;  .  l 

1  1 

8 

9 

V 
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TADLE  XXVI. 

LOGARITHMS  OF  NUSIRERS. 


No.  i.SUO- 


-3  MX). 


Log.  447 IC- 


-53148. 


No. 

0 

1 

2 

3  1 

4 

6  1 

6 

^  1 

8 

9  1 

280 

447  hi 

44731 

44747 

41762 

44778 

44793 

44809 

44824 

44840 

44866  1 

281 

4487 1 

41S86 

4^902 

449171  41932 

44948 

44963 

14979 

44994 

45010 

2512 

4.502u 

45040 

4;K)56 

45071 

45086 

45102 

45117 

451.J3 

45148 

45163 

283 

45l7y 

45194 

45209 

45225 

45240 

45255 

45271 

45286 

45301 

45317 

284 

40332 

45347 

45362 

45378 

45393 

45408 

45423 

46439 

46454 

45469 

285 

4bM 

45500 

455l.'i 

4.'i  '>30 

15  >45 

45561 

45576 

45591 

45606 

45621 

286 

4:i637 

45652 

4.)667 

45682 

4.5697 

45712 

45723 

45743 

45750 

45773 

287 

4;j7;»s 

45803 

45813 

45834 

45849 

45864 

45879 

45894 

45909 

45924 

288 

4r)939 

45954 

'15969 

45984 

46000 

46015 

46030 

46046 

46060 

46075 

289 

4*V»90 

46105 

46120 

46135 

16150 

46165 

44;i80 

46195 

46210 

46885 

290 

4^;:40!  4625jI  46270 

4<>>H'i 

4(i300 

46315 

46350 

46345 

46359 

16374 

291 

463.M' 

46404 

46419 

46434 

46419 

46464 

•16479 

46494 

46609 

46523 

232 

46o38 

46553 

46.^.68 

465i;3 

46593 

46613 

46627 

16642 

46667 

46672 

293 

40687 

46702 

44^7 16 

46731 

46746 

4*i76I 

46776 

46790 

46806 

46880 

294 

46H50 

46864 

46879 

46891 

46909 

46923 

46938 

46953 

46967 

•Jilj 

469H2 

47012 

470*6 

47041 

470.56 

47070 

47085 

47100 

47114 

296 

47129 

47144 

47l5i> 

47 173 

47 188 

47202 

472)7 

47232 

47246 

47261 

47276 

4729IJ 

47.S05 

47319 

17334 

47349 

47:i63 

47378 

47392 

47407 

474^22 

47436 

4745  J 

17465 

47480 

47494 

47,509 

47524 

47638 

47553 

299 

47o67 

475U2 

47596 

47611 

47625 

47640 

47654 

47669 

47683 

47698 

M)0 

47*1 12 

47727 

47/41 

47756 

47770 

47784 

47799 

47813 

47828 

47842 

:iOI 

478..7 

47171 

178J.) 

47900 

47914 

47929 

4794;i 

17958 

47972 

4798« 

[U)2 

4.>U«)i 

4>015 

48029 

48044 

48058 

48073 

48087 

48101 

48116 

48130 

;vo3 

4^;l44 

43159 

4>il73 

48187 

48202 

48216 

48230 

48241 

48259 

48S73 

30-i 

48287 

43302 

48316 

48.330 

48344 

48359 

48373 

48387 

48401 

48416 

^or^ 

4H4;wi 

4::i44 

4y45J{ 

48473 

484}i7 

485<H 

48515 

4fi530 

48644 

48668 

;M»r. 

4ii.>72 

4ii5H6 

4;j6oi 

18615 

48629 

48643 

4i?657 

48671 

48686 

48700 

Ml 

4H7I4 

48728 

48742 

48756 

48770 

48785 

48799 

48813 

48827 

4884! 

:m 

488W 

48869 

4};883 

48897 

48911 

48926 

48940 

4895^1 

48%8 

48982 

489%  49010 

49024 

490:^8 

49052 

49066 

49080 

49094 

49108 

49122 

49136 

491.MJ 

49161 

49178 

49 )  92 

49206 

49220 

49254 

49248 

49262 

49276 

49290!  493(H 

49318 

49332 

49316 

49360 

49374 

49388 

49402 

:;12 

4b*4IA 

49429 

49413 

49457 

49471 

49185 

49499 

49513 

49527 

49541 

313 

4y.»54 

49.068 

49.i3i 

49596 

49610 

49624 

49638 

49651 

49665 

49679 

3U 

41*693 

4"J7(»7 

49721 

49734 

49748 

49762 

49776 

49790 

49803 

49817 

:1I5 

4  J' 31 

49340 

498.09 

49872 

49886 

49900 

49914 

49927 

49941 

49955 

316 

491^69 

4!»9H2 

49996 

.'>fK)10 

50024 

50037 

50051 

60065 

50079 

60098 

317 

5(1 !% 

51JI20 

50133 

.50147 

50161 

50)74 

50188 

50202 

50216 

6Q8S9 

3IU 

50243 

00256 

50270 

50284 

50297 

503)1 

50325 

50338 

50352 

50366 

319 

50379 

50393 

50-106 

50420 

50433 

50447 

.5046 1 

60474 

50488 

50501 

320 

50515 

50.'^y 

5t!.-.'42 

50556 

50569 

50583 

50591. 

50610 

60623 

50637 

321 

50651 

501164 

.')0C7'' 

50691 

50705 

50718 

60732 

50745 

50759 

50778 

322 

507 .:6 

.'>t»791> 

50;;  13 

50826 

50840 

50853 

jfm66 

50880 

50893 

60907 

32G 

50920 

50^34 

50947 

50961 

5(J974 

50987 

51001 

51014 

61088 

51041 

324 

51055 

5l«»6« 

51081 

51095 

51108 

51)21 

51135 

51148 

51162 

51175 

.^2i 

51  ISi! 

51202 

51215 

51228 

51242 

61255 

51268 

51282 

61296 

51308 

326 

5l322i  61336 

513 

51362 

51375 

51388 

51402 

5I4I6 

61428 

51441 

327 

5)455 

5l46n 

5l4tU 

5)495 

51508 

51.521 

51534 

51548 

51661 

61574 

32t; 

51587 

51601 

51614 

.■)lt»x7 

51640 

51654 

51667 

51680 

51693 

61706 

329 

51720 

517.33 

51746 

51759 

51772 

51786 

51799 

51812 

51825 

51808 

330 

5Ui51 

51865 

51878 

51891 

51904 

51917 

51930 

51943 

51957 

51970 

51983 

51996 

52009 

52022 

52U35 

OZ04o 

52076 

52088 

58101 

332 

.52114 

52127 

52140 

52153 

52166 

52179 

58192 

62206 

62218 

52831 

333 

52241 

52257 

52270 

5228 1 

52297 

5-2310 

52323 

52336 

62349 

68368 

334 

52375 

.52383 

52401 

52414 

52427 

52440 

52453 

52466 

52479 

52498 

336 

52504 

52517 

.>2530 

52543 

525.56 

52569 

53681 

68696 

62608 

52621 

3J6 

52634 

52617 

52660 

52673 

52686 

52699 

62711 

52724 

62737 

62750 

337 

62763 

52776 

52789 

.52802 

52815 

52827 

52853 

62866 

58879 

338 

62H92 

62905 

52917 

52930 

52943 

52956 

./ - .  ' 

52982 

58994 

63007 

339 

5302O)  53033 

53046 

53058 

5307 1| 

53084 

53097 

53110 

53122 

53135 

No. 

0 

1 

•3 

3 

4  1 

5 

6  1 

7 

8  i 

9 

TABLE  XXVI. 

liOftABITHMS  OF  KUUBMMM* 


.^o.  3400- 


No. 


0 


4(J00. 
1 


I. 


.5148- 


-60206. 


3  I 


340 



1  53  i  4 

53161 

53173 

53186 

53199 

53212]  532241 

53237 

53250 

53263 

Ul 

63275 

53288 

53301 

53314 

53326 

53339 

53352 

53364 

53377 

5:5390 

342 

5;U03 

53415 

53428 

53441 

53453 

53466 

53479 

53491 

53504 

53517 

MS 

5S529 

83642 

63555 

63567 

53580 

63593 

53605 

53618 

53631 

63649 

J4  !• 

o3o.>o 

.).U»tt.> 

Do  /Uo 

537 1 1) 

5.3732 

OoiO  1 

53782 

53794 

53H07 

53820 

53832 

53845 

53857 

53870 

53882 

53805 

340 

•o90H 

53920 

53933 

53945 

53958 

53970 

53983 

53995 

5  K)08 

5W20 

341 

54033 

54015 

5^1058 

54070 

54083 

54095 

54108 

54120 

54133 

54145 

S48 

54158 

54170 

54183 

54195 

64208 

54220 

64233 

54245 

54258 

64270 

34y 

54283 

.>  »  Jl«.> 

.)4.>*  *  t 

'jin  15 

54367 

i>4»>  /U 

350 

64407 

54419 

54^^32 

54-m 

5ilxju 

54469 

5H81 

1)771*  1 

545()*, 

515I8~ 

351 

64531 

5454,? 

.^4555 

51568 

5^1580 

54593 

>  1605 

5  1 7 

54630 

54642 

352 

64654 

54667 

54679 

54691 

64704 

54716 

54728 

64741 

64753 

54765 

353 

64777 

54790 

64802 

64814 

54827 

54899 

1  64861 

54864 

64876 

64888 

354 

AAA 

64900 

64913 

5492a 

X  t  fin 

r  1 (1  4 (1 

b  iJ  iV 

51962 

5497  1 

04  J'J8 

OOV'  1  1 

365 

65023 

65035 

55047 

55060 

550;;  ^ 

55108 

55121 

55133 

356 

55145 

55157 

.■'160 

551:;: 

5519-} 

j5,'()fi 

55218 

552.30 

55il2 

55255 

357 

55267 

55279 

55:^91 

55303 

55315 

55328 

55340 

65352 

55364 

55376 

368 

55388 

65400 

66413 

55425 

55437 

55449 

55461 

66473 

66485 

05497 

369 

66609 

65522 

ooo34 

05540 

j5.)7U 

55582 

000.1  \ 

OOVW) 

000  1  <i 

960 

66830 

6564S 

66664 

55666 

65678 

55691 

55703 

bit!  lb 

55727 

55739 

361 

55751 

55763 

55775 

55787 

55799 

558 1 1 

5.')823 

55835 

55847 

65859 

362 

55871 

55883 

55895 

55907 

55919 

'55931 

5o9 13 

55955 

55967 

55979 

3ti3 

55991 

56003 

56016 

56027 

56038 

66050 

56062 

56074 

56086 

66098 

864 

86110 

OdIZZ 

6OI34 

9DI4D 

66170 

56182 

OiiZlJO 

366 

66889 

66241 

66263 

66265 

56277 

56289 

56301 

56312 

66324 

56336 

366 

66348 

56360 

56372 

56384 

56396 

56407 

66119 

56431 

66443 

56455 

367 

56467 

56478 

66490 

56602 

565  U 

56526 

56538 

56549 

56561 

56573 

56585 

56597 

56608 

56620 

66632 

56644 

56656 

56667 

56679 

56691 

989 

56709 

90714 

Oo7Zo 

0079o 

00  fOU 

66761 

5677? 

00  loo 

00  lyl 

OVfiXJO 

370 

6€8f0 

6683S 

66844 

66866 

56867 

66879 

66891 

56902 

66914 

66926 

371 

56937 

56949 

56961 

66972 

56984 

56996 

57008 

57019 

57031 

67043 

372 

57054 

57066 

57078 

57089 

57101 

57113 

57124 

57136 

57148 

57159 

373 

57171 

57183 

57194 

57206 

57217 

67229 

57241 

57252 

57264 

67276 

••4 

67287 

o7z99 

67310 

073ZZ 

57ai5 

67357 

0  loOO 

0738U 

Of  i72f2 

m 

67403 

67416 

67426 

67438 

67449 

67461 

57473 

574a4 

57496 

67607 

376 

57519 

57530 

67642 

67653 

57565 

67576 

57588 

57600 

57611 

57623 

377 

57634 

57646 

57657 

67669 

57680 

57692 

57703 

57715 

57726 

57738 

378 

67749 

57761 

57772 

57784 

57795 

57807 

67818 

57830 

57841 

57852 

379 

67864 

olBio 

57887 

dfoUo 

0  iZflU 

67921 

67933 

Oilrn 

OfSnif 

380 

97978 

57990 

68001 

68013 

68024 

68035 

68047 

58058 

58070 

58081 

381 

5801J2 

58104 

58115 

58127 

58138 

58149 

68161 

58172 

68184 

V  A  4  A  if 

68195 

382 

58206 

582 1 8 

58229 

58240 

58252 

58263 

58274 

58286 

68297 

68309 

383 

5^320 

58331 

58343 

58354 

58365 

58377 

58388 

583iA9 

58410 

68422 

384 

ItA^  AA 

88438 

68444 

58456 

5o4o7 

0<54lo 

68490 

58601 

00900 

388 

58646 

68657 

58569 

58580 

68691 

68602 

68614 

68626 

68636 

68647 

386 

58659 

68670 

58681 

58692 

58704 

58715 

58726 

68737 

58749 

58760 

387 

58771 

58782 

58794 

.■<::, 

5!;!;27 

588.58 

58850 

58861 

58872 

388 

58883 

68894 

58906 

58917 

oi]9iUJ 

5y'J39 

589^0 

58961 

58973 

589U4 

AAA 

389 

68996 

m  AAA  ^ 

59006 

59017 

590x8 

OifVdo 

Mine 

Mil  1 R 

59iAl 

69162 

69173 

69184 

69196 

59207 

391 

59218 

59229 

69240 

59251 

59262 

5927.5 

59284 

59205 

59306 

59313 

392 

5'>:{29 

59340 

59351 

69362 

5937;- 

:,'.kv:  \ 

5;i:>95 

59406 

59417 

59428 

393 

59439 

59460 

59461 

59472 

594y.> 

51/41*4 

59506 

59517 

5952^ 

59539 

31^ 

69660 

69661 

69572 

69583 

5959-^ 

69605 

59616 

69627 

59638 

59648 

396 

69671 

59682 

59693 

69704i 

59715 

59746 

59797 

59748 

69769 

396 

59770 

59780 

59791 

59802 

59!i  1 3 

59824 

59835 

695U6 

59857 

59868 

397 

69879 

69890 

59901 

;  59912 

59923 

59934 

599  15 

59956 

59966 

59977 

398 

59988 

69999 

60010 

60021 

60032 

60043 

60054 

bOOOo 

60U76 

60036 

899 

60097 

60108 

60119 

60130 

60141 

60152 

60169 

60179 

60184 

60195 

0 

1  J 

2 

9 

4 

6 

7 

8 

d  by  Google 


4  TABLE  XXVI. 

LOGARITHMS  OF  NUMBERS. 


J.  4000  4600.    Log.  60206  -66276. 


iNo. 

0 

1 

1  ^» 

4 

1  ^ 

6 

7    1  8 

9 

400 

1  60iM 

;i  602n 

i  602281  60239*  602491  6026C 

H  60271 

60282i  60292 

1  60304 

401 

603H 

\  6032j 

»  60336!  ^'034' 

}  60358)  6036S 

\  6037S 

\  60S9C 

1  604011  60412 

402 

60422 

\  60432 

(  60444 

\  6045/ 

S  60466!  60477 

r  604in 

r  6049S 

\  6050! 

M  60520 

403 

60531 

60541 

6055j 

(  60562 

60574 

\  60584 

\  6059! 

r  60606 

i  60611 

r  60627 

404 

6065C 

1  6064S 

\  6066r 

)  6067C 

60681 

6069^ 

:  60702 

(  60712 

1  60724 

I  60735 

405 

6074£ 

;  6075« 

;  60767 1  60T7f 

6078e 

\  6079< 

\  6081C 

)  60821 

60831 

60842 

406 

60852 

(  60862 

\  60874  6088! 

>  6089! 

>  60906 

;  6091' 

f  60921 

r  60938 

t  60949 

407 

60955 

)  6097C 

60981 

i  6099 

61001 

\  610K 

1  6102; 

61034 

;  61042 

»  61055 

408 

61066 

>  610T; 

61081 

r  6109 

6110S 

1  6111: 

}  6113C 

6II4C 

i  61151 

61162 

409 

61172 

!  61182 

61194 

\  61204 

6121j 

»  6122! 

\  61236 

\  61247 

61257 

61268 

410 

6I27J 

t  6I28S 

6130C 

1  6131C 

61321 

61331 

6  m;! 

*  6135j 

I  6136d 

61374 

411 

61384 

r  6139.: 

6f40i 

»  6141C 

;  61426 

.  61431 

f  614-1* 

\  61451 

(  61469 

61479 

412 

61490 

1  6150C 

61511 

6152 

6 1532 

61.542 

6155^ 

61562 

61574 

61584 

413 

61592 

'  61606 

61616 

61627 

'  61637 

61642i 

6165>j 

6166S 

61679 

61690 

414 

617O0 

61711 

61721 

6173 

61742 

61752 

61762 

61773 

61784 

61794 

415 

61805 

61815 

61826 

61836 

61847 

61857 

6186(j 

6l87}i 

61888 

61899 

416 

61909 

61920 

61930 

6194 

61951 

6196S 

6 1975 

61981 

6199a 

62003 

417 

62014 

62024 

62034 

^  62042 

>  62055 

62066 

62076 

630Bti 

6209ri 

62107 

418 

62118 

62128 

62138 

62I4S 

62159 

6217C 

6218Q 

62190 

62201 

62211 

419 

6;i221 

62232 

62242 

62e5ii 

6S263 

\  62273 

62284 

62294 

62304 

62315 

4iO 

62325 

62335 

62346 

62356 

62366 

62377 

62387 

62397 

62408 

62418 

421 

62428 

62439 

62449 

62459 

62469 

62480 

62490 

62511 

62521 

4iC 

6253 

625^12 

62.'i52 

62.562 

62572 

62583 

62593 

096021 

62613 

62624 

1J3 

62634 

6264>1 

62655 

62665 

62675 

62685 

6t696 

62706 

62716 

62796 

\L\ 

62737 

62747 

62757 

62767 

62778 

62788 

62798 

62808 

62818 

62829 

Vlb 

62839 

6i«4'.< 

62a59 

62870 

62380 

62890 

62900 

629 1 0 

62921 

62931 

426 

62941 

6J951 

62961 

62972 

62982 

62992 

63002 

63012 

63022 

63033 

4?7 

63043 

6.3063 

63073 

69083 

63094 

63104 

63114 

63124 

63134 

4i8 

63144 

63155 

63165 

63175 

63185 

63195 

63205 

63215 

63225 

63236 

429 

63246 

632.V. 

63266 

63276 

63286 

63296 

63306 

63317 

63327 

63337 

4J'J 

63347 

63357 

63367 

6J.J77 

633 1;7 

63397 

63407 

63417 

6342a 

63438 

411 

63448 

63458 

6346C 

63478 

63488 

63498 

63508 

63518 

63529 

63538  , 

4.12 

63548 

6355H 

63.>6}] 

6.^579 

63589 

63599 

63609 

63619 

63629 

63639 

43J 

63649 

636.09 

63f;69 

63679 

63689 

63699 

63709 

63719 

63729 

63739 

43^1 

63749 

63759 

63769 

6:r779 

63789 

63799 

63809 

63819 

63829 

63899 

4"j3'~ 

63849 

63859 

63};69 

63879 

63889 

63899 

63909 

63919 

63929 

63939 

436 

63949 

63959 

63969 

63979 

63931; 

63998 

6UX)8 

6401S 

64028 

64038 

437 

64048 

6405» 

6406y 

64078 

64088 

64098 

64108 

64118 

64128 

64137 

438 

64147 

64157 

64167 

64177 

64187 

61197 

64207 

64217 

64227 

64237 

439 

64246 

64266 

64266 

64276 

64286 

64296 

64306 

64316 

64326 

64335 

440 

64345 

64355 

64365 

6-1375 

64385 

64395 

64404 

64414 

644S4 

64434 

441 

6444'» 

64454 

64464 

64473 

64483 

64493 

64503 

64513 

64523 

64532 

\Vl 

645  VI 

6 1-552 

6  l.'i62 

64572 

64582 

64591 

64601 

64611 

64621 

64631 

443 

64640 

64650 

64660 

64670 

64680 

64689 

644)99 

64709 

64719 

64729 

4  14 

6473H 

64748 

64758 

64768 

64777 

64787 

64797 

64807 

64816 

64826 

4  \S 

64836 

64846 

64856 

64865 

64}J75 

6i385 

64895 

64,004 

6491 A 

64924 

4  16 

64933 

64943 

64953 

64963 

64972 

64982 

64992 

6500^ 

65011 

65021 

447 

65031 

65040 

65050 

65060 

65070 

65079 

65089 

65099 

65108 

65118 

4^» 

65128 

65137 

65147 

65157 

65167 

65176 

65186 

651% 

65205 

65215 

4  19 

65225 

65234 

65244 

65254 

65263 

65273 

65283 

65292 

65302 

65312 

4.'>0 

65321 

65331 

65341 

65350 

6534;o 

65369 

65379 

65389 

65398 

66408 

4.1 1 

6W18 

65427 

65437 

65447 

654.56 

65466 

65475 

65-185 

65495 

65504 

Vol 

65514 

65523 

65533 

65543 

65552 

65562 

65571 

65581 

65591 

65600 

65610 

65619 

65629 

65639 

656 4C 

65658 

65667 

65677 

65686 

65696 

4.'>4 

65706 

65715 

65725 

65734 

65744 

65753 

65763 

65772 

65782 

65792 

4.>j 

65»01 

65811 

651120 

65830 

65839 

65o49 

65858 

66868 

65877 

65887 

4.56 

65M96 

65906 

65916 

65925 

6^935 

65944 

66954 

65963 

65973 

65982 

407 

65992 

66001 

66011 

66020 

66udv 

16039 

66049 

66058 

66068 

66077 

AM 

66087 

66096 

66106 

66115 

66124 

661J^ 

66143 

66153 

66162 

66172 

469 

66181 

66191 

66200 

66210 

66219 

66229 

66238 

66247 

66257 

66266 

No. 

0 

1 

•»  1 

3 

4 

5 

6  • 

7 

8 

9 

TABLE  XX.VI. 

LOGABITHMB  Or  MUMBEBS. 


No.  4600- 


-6200. 


460 
461 

m 

463 
464 


465 
466 
467 
468 
469 


470 
471 

473 
474 


475 
476 
4TT 

478 
479 


480 
401 
48t 

4S3 
484 


48:> 

488 
489 


490 

4yi 

492 
493 
494 


495 
496 
497 

499 


601 
602 

604 


605 
506 
507 


609 


510 
511 
612 
513 

514 


615 
516 

1617 
•  518 
^  \519 


0 


66276 
66370 

UVWV 

66558 
66652 


66745 
66839 
66932 
67025 
67117 


67210 
67302 
67394 

67486 

67.JT8 


67669 
67761 


67943 
680344 


68124 
63215 
68906 

68395 
68485 


68574 
68664) 

6S!J42 
68931 


I  ! 


Log- 


6627b- 


-71600 


6(j«85 
66380 
66474 

6h:)f;7 
6Gi]6l 

r)GH4« 

66941 
67034 
n7127 


672 1 1» 
67311 
67408 

67495 
67587 


67679 
67770 
87861 
67952 
68043 


6813.'^ 
6a224 
88814 
68404 

60494 


f=629j| 
b63J'J 
66483 

r.G577 
6667 1 


66.JOH 
663981 
6648« 
66586' 
66680 


66761 
66857 
66950 
67043 
67136 


67228 
67321 
67413 
67504 
675% 


66773 
66867 
66960 
67052 
67145 


67237 
67330 
67422 
67iJl4 

67605 


67r.88i 
67779| 
67870 
961 
052 


68142 
68233 
88323 

68413 

6«502 


69020 
69108 
69197 
69285 
69373 


6'ur,i 
69548 
69636 
89783 
69810 


68940 


69028 
69117 
69205 
69294 
69381 


G9557 
6964^4 
89732 
69819 


^'9r^97  r.9!K)6 


6998. 
70070 
70167 
70843 


70329 

70415 

70501 

7068iif 

70672 


70757 
70842 
70927 
7101ft 

71096 


69992 
70079 
70165 
70252 


70338 
70421 
70509 
70696 
70680 


68949 


(.9037 
69126 
69214 
69302 
69390 


6917;: 
69666 
69653 
69740 
69827 


67697 
67788 
G7879 
67970 
68061 


68151 
68242 
683.{i 
68422 
68511 


68601 
68690 
68780 

68869 

689:.f; 


69046 
69135 
69223 
69311 
69399 


69574 
69662 
69749 
69836 


69914 
70001 
70088 
70174 


70260  70269 


71181 
71265 
71349 
71433 
71517 


No.  I  0 


7ir766 
70851 
70935 
71088 
71105 


71189 
71273 
71367 
71441 
71626 


70346 
70432 
70518 
70603 
70689 


70771 
70859 
70944 
71089 
71113 


I 


71198 
71282 
71366 
71460 
71633 


69923 
70010 
70096 
70183 


70355 
70441 
70526 
70612 
70697 


70783 
70868 
70952 


66314  66.123 
664081  66  U  7 
6650«  66511 

6 6:) or,"  CGGO.') 
66689  66699 


66783 
66876 
66969 
67062 
671.H 


67247 
67339 
67431 
67523 
67614 


67706 
67797 
67888 
67979 
68070 


68160 
68251 
68311 
68431 

68520 

"686T0 
68699 
68789 
68878 
68966 


66792 
66885 
66978 
67071 
67164 


67256 
67348 
67440) 

67632 
67621 

"67715 
67806 
67897 
67988 
68079 


68169 
68260 
68350 
68440 
68529 


b9055 
69144 
69232 
69320 
69408 


68619 
68708 
68797 
68886 
68976 


69061 
69152 
69241 
69329 
69417 


69496 
69583 
69671 
69758 
69845 


69932 
70018 
70105 
70191 
70278 


70364 
70449 
7053,-j 
70621 
70706 


69501 
69592 
69679 
69767 
698641 


69940 
70<J27 
70114 
70200 
70286 


70791 
70876 
70961 


71037  71046 


71122 


7120< 

71290 

71374 

71468 

71642 


71130 


71211 

71299 

713831 

71466 

71560 


3  FT 


70.{72 
70 1")!; 
70511 
70629 
70714 


66332' 
66427 
66521 

666 1  I 
66708 


66801 
66894 
68987 

f;7():;(t 
67173 


66.^121 
66136! 
66530 
66624 
66717 


66351 
66445 
66539 
66633 
66727 


67265 
67357 
674481 

67541 

67633 


67721 
67815 
67906 

67997 

68088 


6;;  178 
68269 
68369 

68449 

68538 


68628 
68717 
68806 
68895 
68984 


69073 
69161 
69219 
69338 
69426 


69513 
69601 
69688 
69775 
69862 


69919 
70036 
70122 
70209 
70296 


70300 
70885 
70%9 
71064 
71139 


7 1 22? 
71307 
71391 
71476 
71559 


70,5;!  1 
701«i7 
70552 
70638 
70723 


66811 

669O1I 
66997] 

670P,9' 
67IH2; 

"67274 
67367 
87489 

67560 
67642 


67733 
67825 
87916 

68006 
68097 


68187 
68278 
68368 
68468 

68547 


68637 
68726 
68816 
68904 

68993 


668 iO 
66913 
67006 
67099 
67191 

"67284! 
67376 
6748^ 
67560 
67651 


<;t;36 1 

664^5 
6884^ 

6t'.r.  1 : 

66736 

66829 
66922 
67015 

67108 
67201 

157293" 
67385 

67569 
67660 


67712 
67834 
87925 

68015 
68106 


68196 
68287 
68377 
68467 
68556 


68735 
68824 
68913 
69002 


69082 
69l70t 

6925;;; 
69346 
69434^ 


69090 
69179 
69267 
69355 
69443 


67752 
67843 
67934 
68024 
68115 


t:8205 
68296 
68386 
68476 
68565 


68655 
6874^^ 
68833 
68922 
69011 


69099 
69188 
69276 
69364 
69468 


69.522'  69531'  69539 


69609' 
69697, 
69784 
69871 


69618 
69705 


69880 


69958; 

7004-1 

70131 

70217 

70808 


70389 

70475 

70561 

706461 

70731 


70308' 
7089.3; 
709781 
7106» 
71147! 


6W66 
70053 
70140 
70226 
70312 


69627 
69714 


69793)  69801 


69888 


69975 
70062 
70143 
70234 
70321 


701^Kl'  7049:: 


70569 


70740 


70817  70825 
70902  70910 
70995 
71079 
71164 


70578 


70655  70863 


70719 


70986 
71071 
71155^ 


1 


70!;.u 
70919 
71003 
71088 
71172 


712.1: 


712.:ii  71240,  7124a 
71315  71324; 
71399  71408! 
71483  71482  71800|  71508 

71667[  715751  7158-t  71.->92 


7133:  7 1. HI 
71416  7 1 125 


7    18  1 


Digitized  by  Gopgle 
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TABLE  XXVL 


LOOABITHMl  OPttI 


.No. 


0 

71(iU0 
71684 
71767 

71CaO 

7i9:w 


—5800 

71601/1 
7169t2| 
71775 

7in:>f; 
7i'jn 


Lt)g.  7 1600- 


71617 


3 


716^5 


72016 
72099 
72181 

722G3 
7'2346 


72428 
72509 
72591 

72673 
727M 


72835 
72916 
72997 
73078 
73159 


72024 
72107 

72189 

72272 
72354 


72436 
72518 
72599 

72681 
72762 


71700  71709 

71784  71792 
71867 

71 9501  71958 

72041 
72123 

72206 
72288 
723701 


72032 
72115 

72198 
72280 
72362 


73239 
733201 
7S400 

73480 

73560 


73640 
73719 
73799 
73878 

73957 


74036 
74115 
74194 

74273 
74351 


74429 
74507 
74M6 

74663 
74741 


74819 
74896 
749741 

75051 
75128 


75205 
75282 
76358 

75435 
75511 


75587 
75664 
73740 

75315 
75891 


75967 
76042 
76118 
76193 
76268 


72843 
72925 
73006 
73086 
73167 

73247 
73J28 
78408 
73488 

73568 


72444 
72526 
72607 
72639 
72770 


73648 
73727 
73807 
73886 

73965 


72852 
72933 
73014 
73094 

73175 

73255 
73336 
73416 

73496 
73576 


7:%56 
73735 
7S81S 
73894 

73973 


72452 
72534 
72616 
72697 
727791 


72860 
72941 
73022 
73102 
73183 


73263 
73344 
73424 
73504 
73584 


73664 
73743 
73823 

73902 
73981 


74044  740.)2 


74123 
74202 

742C0 
74359 


74137 
74515 
745931 

74671 
74749 


74151 
74210 

742C« 
74367 


74060 
74139 
74218 

74296 
74374 


74415 
74523 
74601 

74679 
74757 


74827 
74904 
74981 

75059 
751361 

"752  ll' 
75289 
75366 

75412 
75519 


74834 
74912 


75066 
751  I 


74453 
74531 
74609 

74687 
74764 


74842 
74920 


74989  74997 


755y5 
75671 
7574T 

75823 
75899 


75974 
76050 
76125 
76200 

76275 


75220 
75297 
75374 

75450 
75526 


75603 
75679 
75756 
75831 
75906 


75074 
75151 


75228 
75305 
75381 

75450 
75534 


75610 
75686 
75762 

75838 
75914 


71634 
7I7I7 

71800 

71883 
7 1 966 

"72049 
72132 

72214 

72296 
72378 

"72460 
72642 

72624 
72705 
72787 


716501  71^: 
7I7M  7im 

71817  7IS25 
71900  71908 
7I983|  71991 


72868 
72949 
73030 
7311 1 
73191 


73272 
73352 
73432 
73512 

73592 


716421 
717261 

718091 
718921 

71975!  

"72057l~72066i  72074j 
7214M  7214«  721561 
722:j!  722301  7123a 

723041  72313!  7«3?l! 

7246J 
725501 

72632 
72713 
72795 


8 


71667 
71760 
71834 
71917 
71999 


7b;i43. 


71675 
71759 
71842 
71925 
72008 


723!»5!  72403; 


72082j 
7116« 
72247 

723^9 
724111 


72090 
72173 

72255 

72337 
72419 


72876 
72957 

73038 
7311" 
73 1 'J  9 


72t77; 
7255« 

72610 

7J722i 
72803] 


72485  72493j  7  2j(;l 
726671  7257«  72583 
726.56:  72665 
72738!  72746 
72819  72827 


72648 
72730 
72811 


73672 
73751 
73830 

73910 
73989 


74068 
74147 
74225 

74304 

74382 


74161 
74539 
74617 

74695 
74772 


74.850 
74927 
76005 
7.W82 
75159 

"75236 
75312 
753891 

75465 
75542 


75618 
75694 
75770 

75846 

75921 


75982  75989 
76057  76065 
761391  76H 

76208  76215 
762b3j  76290 


75997 
76072 
76148 

76223 
76298 


732r.(» 
73360 
73440 

73520 

7.;r,(i(» 

73b/y 
73759 
73838 
73913 
73997 


74076 
74J55 
74233 
74312 
74390 


74168 

745-17 

746241 

74702 

74780 


7  lf}58 
74935 
76012 
75089 
75166 


72884 
72965 
73046 

7.^127 
7.)2(t7 

~7^88 
73968 
73448 

73528 

7;^r,o;{ 

l;>687 
79767 

78846 

73926 
74005 


74084 
74162 
74241 

74320 
74398 


74476 
74554 
74632 
74710 

74788 


72892 
72978 
73064 
73136 
73215 

"73^ 
^8976 

734.V; 
735:i6 
73616 

lo6y5 
73175 

73854 

7;19:"53 
740l:i 

7-wy2 

741701 

74249 

74327 
74406 


72900; 
72961 

73062' 
73143 

73223^ 


72908 
72989 

73070 
73151 
73231 


73304j 
73384 

73544 

736.  » 


73312 

73892 

-  ■ .  —  > 

1  Jao2 
73632 


737031  73711 
787831  Tmi 

73Gr  -  73870 
73941 i  73949 

7402(»  7402:.; 


74484^ 
74562 
74640 
74718 
74796 


75243 
75320 
75897 
75473 
75549 


7562f 
75702 
75778 

75853 

75929 

"76005 
76080 
76156 

76230 

76J05 


74865^ 
74943 
76020 
75097 
75174 

752511 
75328 
75404 
75481 

75557 


74873 
74950 
76028 

75105 
75182 

7525y 
75336 
75412 
75488 

75565 


7563.VI 
75709 


75786  76^798 


75861 
75937 


76012 


75641 
75717 


75868 
75944 


74099 
74178 

74257. 
74335; 
74414i 


74107 
74M* 

74265 
74343 
74421 


74492 
74570 
74648 
747261 
74803! 


74881 
74958 
75035 
75113 
75189 


752661 
76343^ 
75420 

75496 
75572 


75648 
75724 
75800 
75876 

75952 


76027 
76103 


76035 
76110 
76186 

76260 

7». 7«;3J;;  7f;:i.o 


76020 
760871  76095 
7616a  7617a  76178 

76 7*: :  15!  76253 
7(i3l3| 


74500 
74S76 

74656 
74733 
74811 

74889 
74966 
75043 

75120 
75197 

75274 
76361 
75427 

75504 

75580 


75656 
75732 
75808 
75884 

75959 


6    r    7    t    8  J 
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No.  bUOO- 


Log.  7634^ 


-806  IS. 


No. 

1  0 

1 

1  « 

1  3 

4 

5 

1  6 

7 

1  » 

9  1 

d80 

7634J 

7b.ioO|  7634^ 

\  763(>c 

}  7637; 

\  76.3801  7638a 

763951  7640j 

»  76410  ! 

581 

76*18 

7642/ 

\  7644C 

)  7644^ 

1  764531  76462 

76470!  76477 

76435 

A8S 

16VJI 

1  \JU\f\ 

'  76515 

►  76522 

!  76530i  76537 

76545 

1  76552 

,  76559 

683 

76567 

76.j7 

[  7G.)82 

!  7658S 

1  76597 

766041  7661, 

7661  ii 

1  7662(1 

76634 

584 

76641 

76641 

>  76656 

>  76661 

\  76671 

76678  766:{6 

76693!  76701 

1  76708 

585 

76710 

§  \9  §  Arc 

1  7673(] 

I  7673lj 

76745 

»  7o75l 

\  767G(] 

767681  7677i 

76782 

586 

7679(J 

7f;7Q7 

768  IS 

\  76819 

7682' 

7633^ 

!  7684iJ 

1  76856 

587 

76!{64 

76886 

76893 

7690 J 

'  76901 

76"llf 

76923 

1  769.30 

588 

76'j3  . 

7694.j 

769.'jJ 

76960 

>  76967 

7697^ 

)  76982 

7698S 

76997 

'  77004 

589 

770  li! 

770  IS 

77026 

77fl34 

r  7704 

77048 

77056 

77063 

770701  77078 

51K) 

77085 

770M;i 

77  KNI 

77107 

77115 

77 1 2'J 

77129 

77137 

'  77144 

77151 

591 

771.W 

7716<; 

fl  r  1  UV, 

7717'! 

77181 

77188 

77195 

7720J 

772 1(J 

77217 

77225 

59^ 

77232 

77 '247 

77254 

77262 

772611 

77276 

772aJ 

77291 

77298 

593 

77305 

77.313 

77320 

77327 

77335 

77342 

7734'J 

77357 

77364 

77371 

594 

77379 

77386 

77393 

77401 

77408 

77415 

77422 

77430 

77437 

77444 

595 

774o5i 

774fifi 

77474 

77481 

77488 

77495 

77o03 

77510 

77517 

596 

7752.> 

77 1*?2 

77'i'iQ 

77.>46 

77554 

77561 

7756 1 

77576 

77583 

77590 

597 

77597 

7761'* 

1  f  U  1  4* 

776 1 9 

77627 

77634 

77641 

77648 

77656 

77663 

598 

77670 

77677 

77685 

77692 

77699 

77706 

77714 

mil 

77728 

1  777;i5 

599 

77743 

777.^0 

77757 

77764 

77772 

77779 

77786 

77793 

77801 

1  77808 

600 

77a  1.7 

77H'^'» 

#  f  O^m 

77R  l() 

77K37 

77844 

77851 

77859 

77866 

77873i  77o80 

6U1 

778U7 

77»*)'l 

77m)  ^ 

77909 

77916 

77924 

77931 

77938 

77945:  77952 

602 

77960 

9  #  t 

77974 

7798 1 

77988 

77996 

78003 

780 1( 

78017,  78025 

603 

7803i 

78039 

78046 

78053 

78061 

78068 

78075 

78082 

78089  78097 

604 

78  PM 

78111 

78118 

78125 

78132 

78140 

78147 

78154 

78161 

78168 

605 

78176 

1  O  1  iJ*J 

78197 

78204 

78211 

78219 

78226 

73233 

78240 

606 

78247 

78269 

78276 

78283 

78290 

78297 

78305 

7831* 

607 

78319 

78340 

78347 

73355 

78362 

78369 

78376 

78383 

608 

78390 

78398 

78405 

78412 

78419 

78426 

78433 

78440 

78417 

78455 

609 

78462 

78469 

78476 

78483 

78490 

78497 

78504 

78512 

78519 

78526 

610 

78033 

7H^7 

78554 

78561 

78569 

78576 

78583 

78590 

78597 

611 

78604 

7h6  1 1 

•  <>U  1  1 

f  OU  1  o 

78625 

78633 

78640 

78647 

78654 

ff  \»\M^w 

7J661 

78668 

612 

78675 

7*i<»H9 

78696 

78704 

78711 

70718 

78725 

78732 

78739 

613 

78746 

78753 

78760 

78767 

78774 

78781 

78789 

78796 

78803 

78810 

614 

78817 

78824 

78831 

78838 

78845 

78852 

78859 

78866 

78873 

78880 

615 

7888.< 

7>iy{U  'i 

78909 

78916 

78923 

78930 

789.37 

78944 

78951 

616 

78958 

78979 

78986 

78993 

79000 

79007 

79014 

79021 

617 

79029 

79050 

79057 

79064 

79071 

79078 

79085 

7909« 

618 

79099 

79106 

79113 

79120 

79127 

79134 

79141 

79148 

79165 

79iee 

619 

79169 

79176 

79183 

79190 

79197 

79204 

79211 

79218 

79225 

79232 

620 

79239 

7«l'i.lii 

#  J ^\t^ 

79260 

79267 

79274 

79281 

79288 

79295 

79302 

621 

79309 

7QSI6 

1  9«J  1  u 

79330 

79337 

79344 

79351 

79358 

79365 

79372 

622 

79379 

f  JOJ*> 

79400 

79407 

79414 

79421 

79428 

79435 

79442 

623 

79449 

79456 

79463 

79470 

79477 

79484 

79491 

79498 

79505 

79311 

624 

79518 

79525 

79532 

79539 

79546 

79.W3 

79560 

79567 

79574 

79381 

625 

79538 

7U'«Q'i 

79609 

79616 

79623 

79630 

79637 

79644 

79650 

626 

79657 

79678 

79685 

79692 

79699 

79706 

79713 

79720 

627 

79727 

7Q7.1 1 

79748 

79754 

79761 

79768 

79775 

79782 

79789 

628 

79796 

79803 

79810 

79817 

79824 

79831 

79837 

79844 

79851 

79858 

629 

79865 

79872 

79879 

79886 

79893 

79900 

79906 

79913 

79920 

79927 

630 

79934 

79941 

79948 

79965 

79962 

79969 

79975 

79982 

7^989 

79996 

631 

80003 

80010 

80017 

80024 

80030 

80037 

80044 

80051 

80058 

80065 

632 

80072 

80079 

80085 

80092 

80099 

80106 

80113 

80120 

80127 

80134 

633 

80140 

80147 

80154 

80161 

80168 

80175 

80182 

80188 

80195 

80202 

634 

80S09 

80216 

80223 

80229 

80236 

80243 

80250 

80257 

30264 

80271 

635 

80277 

80284 

80291 

80298 

80305 

80312 

80318 

80325 

80332 

80339 

636 

80346 

80353 

80359 

80366 

80373 

80380 

80387 

80393 

80400 

80407 

637 

80414 

00421 

80428 

80434 

80441 

80448 

80455 

80462 

80468 

80475 

638 

80482 

80489 

80496 

80502 

80509 

80516 

80523 

80530 

80A36 

80643 

639 

80550 

80557 

805641 

80570 

80577 

80584 

80591 

80598 

i{0604|  80611 

No.  i 

0  1 

1 

2  1 

3  1 

4 

5 

6  1 

7 

8  1 

9 
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No.  G400- 


-7000. 


Log.  80G18- 


-»4ol0. 


No. 


C40 
641 
C42 
643 
G44 


615 
646 
647 
648 
649 


650 
661 
653 

653 
654 


655 
656 
657 
658 
659 


660 
661 
663 
663 
664 


665 
666 
667 
668 
669 


670 
671 
673 
673 
674 


675 
676 
677 
678 
679 


680 
681 
682 
683 
6<{4 


685 

6r.6 
687 
688 
689 


GiMI 
691 
693 
693 
694 


695 
6'J6 
697 
698 
699 

No. 


0 


80618 
80686 
80754 
80831 
80889 


80956 
81023 
81090 
81158 
81284 


81291 
81358 
81425 
81491 
81558 


81624 

81690 

81757 

818231 

81889 


1  I 


80<i25 
80693 
80760 
80828 
80895 


80963 
81050 
81097 
81164 
81231 


81298 
81365 
81431 
81498 
815641 


81954 
82020 
82086 
02151 
82217 


81631 
81697 
81763 
81829 
81895 


82282 
^2347 


82543 


83607 
82672 
83737 
82802 
83866 


83930 

83995 
83059 
83133 

83187 


83251 

83315 

83378 

8344 

85506 


835(i9 
83632 
83696 
83759 
838^1 


83885 
83948 
84011 
84073 
84136 


84198 
81261 
84333 
84386 
844^^8 

0~ 


81961 
82027 
82092 
82168 
82233 


82289 

82354 

82119 

8243 

82549 


82614 
82679 
8274: 
83808 
83872 


82937 

8300 

8^65 

83129 

83193 


8325 

8333 

83385 

83448 

83512^ 


80632|  80<]38 
80699  80706 


80767 
80335 
80903 


80969 
81037 
81104 
81171 

81238 


80774 
80041 
80909 


81305 
81371 
81438 
81505 
CTDTl 

8T637 
81704 
81770 
81836 
81902 


81968 
82033 
83099 
83164 
83330 


82295 
02360 
82426 
82491 


80976 
81043 
81111 
81178 
81245 


81311 
81378 
81445 
81511 
81578 


81644 
81710 
81776 
81842 
CI  908 


80645 
807  i:J 
80781 

80848 
80916 


8(X;52 
80720 
30787 
80855 
809221 


80983 
81050 
81117 
81184 
81251 


81318 
81385 
81451 
81518 
815841 


80990 
81057 
81124 
81191 
81258 


81325 
81391 
81458 
81525 
81591 


6_ 

16659 
80726 
80794 
80862 
80929 


80996 

810641 

81131 

81198 

81265 


81651 
81717 
81783 
81849 
81915 


81657 
81723 
81790 
81856 
81921 


31974 
82040 
82 105 
82171 
82336 


82302 
82367 
82432 
82-197 


82556  82562 


82620 
82685 
82760 
82814 
82879 


8262 

82692 

82756 

82831 

82885 


82943 
83008 
83072 
83136 
83200 


83575 
83639 
83702 
83765 
83828 


83891 

83954] 

84017 

84080 

84142 


84205 
84267 
843301 
84392 
84454 

r 


83264 
83337 
83391 
83455 
83518 


83582 
83645 
C3708 
83771 
83835 


83897 
83960 
84023 
84086 
84148 


84311 
84373 
84336 
84398 

84460 


82950 
83014 
83078 
83142 
83306 


83270 
83334 
83398 
83461 
83525 


81981 
82046 
82112 
82178 
83343 


82308 
82373 
83439 
83504 
83669 


826331 
82698 
82763! 
82827 
838921 


81987 
83053 
82119 
82184 
82249 


81331 
81398 
81465 
81631 
81698 


81664 
81730 
81796 
81862 
81928 


81994 
82060 
82125 
82191 
82256 


82315 
83380 
82445 
82510 
82i576 


82640 
82705 
82769 
82834 
82898 


82956 
83020 
83085 
83149 
83213 


83276 
833401 
83404 
83467 
83531 


83588 
83651 
83715 
83778 
83841 


83594 

83668 

83721 

837841 

83847 


83904 
83967 
84029 
84092 
84155 


84217 
84280 
84342 
84404 
84466 


83910 
839731 
84036 
84098 
84161 


82963 
83027 
83091 
83156 
83219 


83283 
83347 
83410 
83474 
83537 


83601 
83664 
83727 
83790 

83853 


83916 
83979 
84042 
84106 
84167 


84223 
84386 
84348 
844 10< 
84473 


82321 

82387 

824631 

82517 

83582 


83646 
82711 
82776 
82840 
82906 


82969 

83033 

83097 

8316 

83225 


80665 
80733 
80801 
80868 
80936 


81003 

81070 

81137 

813041 

81371 


81338 
81405 
81471 
81538 
81604 


80672 
80740, 
80808 
80876 
80943 


80679 
80747 
808U 
80883 
80949 


81010 
81077 
81144 
31211 
81378 


81017 
81084 
81161 
81218 
81286 


81671 
81737 
81803 
81869 
81935 


82000 
82066 
82132 
82197 
83263 


82328 
82393 
83458 

8?'> 


813461 

81411 

81478 

815441 

81611 


81361 
81418 
81485 
81551 
81617 


81677  81684 


81743 
81809 
818751 
81941 


83007 
83073 
83138 
83304 
83369 


81760 
81816 
81882 
81948 


88014 
83079 
83145 
83310 
83376 


82334 
824001 


82341 
82406 


82663 
82718 
83783 
83847 
83911 


82975 
83040 
83104 
83168 
83232 


83389 
83353 
83417 
33480 
83644 


83607 
83670 
83734 
83797 
83860 


83933 
83936 
84048 
84111 
84173 


83396 
83359 
83433 
83487 
836601 


83(il3 
83677 
83740 
83803 
83866 


83939 
83993 
84056 
84117 
84180 


84330 
84293 
84364 
84417 
84479 


84236 
84398 
84361 
84433 
8448 


84343 
84306 
84367 
84429 
84491 


83466  83471 

r?^^o  83636 
.  82601 


83659 
82724 
83789 
83863 
82918 


82983 
83046 
83110 
83174 
83338 


833031 
83366 
83439 
83493 
83656 


83630 
83683 
83746 
83809 
83873 


83666 
82730 
83796 
83860 
82934 


83988 
83063 
83117 
83181 
83346 


83936 
83998 
84061 
84123 
84186 


84348 

84311 
84373 
84436 
84497 

8 


83636 
83689 
83763 
83816 
83879 


84004 
84067 
84130 
84193 


84366 
843n 
84379 
84443 
845(H 
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LOGARITHMS  OP  NUMBERS. 


No.  7000  

7600. 

;  

Log.  84510  

— 8;;081 

No.  1 

0 

1 

2 

3  1 

4 

5 

6 

7 

8 

9 

700  1 

84510 

84516 

84522 

84528^ 

84535 

84541 

84547 

O  rOOO 

84566 

701 

84572 

8'1578 

84584 

84590 

84597 

84603 

84600 

ni.Al  T 

84628 

702 

8W34 

84640 

84646 

84652 

84658 

84665 

8 167 1 

84689 

703 

84696 

84702 

84708 

84714 

84720 

84726 

84733 

O  »  1  OJ 

Owl  W*J 

84761 

704 

84757 

84763 

84770 

84776 

84782 

84780 

84794 

84800 

84807 

84813 

705 

84819 

84825 

84831 

84837 

84844 

84850 

84K.^6 

o^ouo 

84^i74 

70G 

84880 

84887 

84893 

841599 

84905 

84911 

84917 

84936 

707 

84942 

84948 

84954 

84%0 

84967 

8t'j7o 

JM')7') 

or  JO.) 

o^j^y  1 

84997 

708 

8500o 

85009 

85016 

85022 

8502« 

8:.034 

uOUH< 

85058 

709 

85065 

85071 

C5077 

85083 

85089 

85095 

85101 

85107 

85114 

85120 

710 

85126 

85132 

851J8 

85144 

85150 

86156 

8.)  16.'} 

oD  mv 

85181 

711 

85187 

85193 

85199 

85205 

85211 

85217 

*J  kJ  ^  ^  w 

i>«)-.i>U 

85242 

712 

85243 

85.151 

85260 

85266 

85272 

85278 

8528.J 

!!  fi'"!  1 
OO^J  1 

Oci^^  f 

85303 

713 

85309 

8.')3l.j 

85321 

85327 

85333 

85339 

85345 

ooooo 

8o3h4 

714 

85370 

85376 

85382 

85388 

85394 

85400 

85406 

85412 

86418 

85425 

715 

85-131 

85437 

85443 

85449 

8!>155 

85461 

85467 

H  V170 

85-;85 

716 

85491 

854'.>7 

8550;? 

85509 

85516 

85522 

8552C 

OaJO  »V 

85616 

717 

85552 

85550 

85564 

85570 

85576 

85532 

85588 

85606 

718 

85612 

856 1 8 

85625 

85631 

85637 

85643 

85649 

R5*;67 

719 

85C73 

85679 

85685 

85691 

85697 

85703 

85709 

86716 

85721 

85727 

720 

85733 

85739 

85745 

~8575l 

85757 

85763 

35769 

85775 

%J%M  flu 

85781 

85788 

721 

K58(X) 

85806 

85812 

C581C 

85824 

858J0 

r; 

722 

.    ..>  \ 

85860 

85866 

85872 

86878 

85884 

85890 

1  J . J '  Jl  t 

723 

85914 

86920 

85926 

85932 

85938 

86944 

859.)() 

85956 

8596" 

86968 

72-; 

85!n'l 

86980 

859 J  r6 

85992 

85998 

86004 

86010 

86016 

86022 

8602C 

725 

86034 

86040 

86046 

86052 

86068 

86064 

86070 

86076 

86082 

86088 

726 

86094 

86100 

8610() 

86112 

86118 

86 12-; 

86 1 .30 

86 1 36 

86141 

86147 

717 

86163 

86159 

86165 

86171 

86177 

86183 

86189 

86 1 95 

86201 

86207 

728 

86213 

86219 

86225 

86231 

86237 

86243 

86249 

86255 

86 '111 

86267 

729 

86273 

86279 

86285 

86291 

86297 

86303 

86308 

86314 

86320 

86326 

730 

86332 

86338 

86344 

86350 

86356 

86362 

86368 

86374 

86:iH0 

86386 

731 

86392 

36398 

86404 

86410 

86415 

86421 

864-7 

H6  t  Vl 

8643*) 

86<146 

732 

86451 

86457 

86463 

86469 

86475 

86481 

861i)7 

ft6 IM  \ 

86504 

733 

86510 

86516 

86522 

86528 

86534 

86540 

8654<) 

KJK9%}*J  '»» 

86o64 

734 

8(J570 

86576 

86581 

86587 

86593 

86599 

86605 

86611 

86617 

86623 

735 

86629 

y6635 

86641 

86646 

86652 

86658 

86664 

86676 

86682 

736 

866  }IH 

86694 

86700 

86705 

86711 

86717 

86723 

R67f  Q 

86741 

737 

86747 

86753 

86759 

86764 

86770 

86776 

86782 

i;679  I 

bbhOO 

738 

86806 

86812 

«6817 

86823 

86829 

86836 

86K41 

868.'i3 

86859 

739 

86864 

86870 

36876 

86882 

86888 

86894 

86900 

86906 

86911 

80917 

740 

8»;923 

86929 

^6935 

86941 

86947 

86953 

86958 

8696-1 

86970 

86976 

741 

86982 

86988 

86994 

86999 

87005 

87011 

87017 

87029 

»70.io 

742 

870MJ 

370-^ 

87052 

87058 

87064 

87070 

87076 

87081 

87087 

87093 

743 

87099 

87105 

87111 

87116 

87122 

87128 

87134 

87140 

87146 

87161 

744 

87157 

87163 

87169 

87175 

87181 

87186 

87192 

87198 

87204 

87210 

74.5 

87216 

87221 

87227 

87233 

87239 

87245 

8725 1 

87256 

87262 

87268 

746 

87274 

87280 

87286 

87291 

87297 

87303 

87309 

87315 

87320 

87326 

747 

87332 

87338 

873-14 

87349 

87355 

87361 

87367 

87373 

87379 

87384 

748 

87390 

87396 

87402 

87408 

87413 

87419 

87425 

87431 

87437 

87442 

749 

87448 

87454 

87460 

87466 

87471 

87477 

87483 

87489 

87496 

87600 

750 

87506 

87512 

87518 

87523 

87529 

87535 

87541 

87547 

87562 

87568 

751 

875i;4j  tn570 

87576 

87581 

87587 

87593 

87599 

87604 

87610 

87616 

752 

876ii 

li7(;28 

876.J3 

87639 

87645 

87651 

87656 

87662 

87668 

87674 

763 

87679 

87685 

87691 

87697 

87703 

87708 

87714 

87720 

87726 

07731 

754 

877371  87743 

87749 

87754 

87760 

87766 

87772 

87777 

87783 

87789 

755 

87795 

87800 

37806 

87812 

87818 

87823 

87829 

87835 

87841 

87846 

7.or. 

B7K.'>2 

87«5y 

37864 

87869 

87875 

87881 

87887 

87892 

87898 

87904 

757 

87910 

87915 

87921 

87927 

87933 

87938 

87941 

87950 

87956 

87961 

75W 

87967 

87973 

87978 

87984 

87990 

87996 

88001 

88007 

88013 

88018 

759 

88024 

88030 

38036 

88041 

88047 

88053 

^058 

890G4 

88070 

88076 

No. 

0 

1 

«3 

4 

6 

7 

8 

9 
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TABLK  XXVI. 

LOGARITHMS  OP  NtTMBERS. 

No.  7600  

8S00. 

Log.  88081  

-91381. 

No. 

0 

2 

3  1 

6 

1 

8 

9  1 

88081 

>i8037 

88093 

88098 

88104 

88110 

881161  88121 

88127 

88133 

761 

88138 

:^814'^ 

88150 

88156 

88161 

88167 

88173 

88178 

38184 

88190 

762 

88195 

88201 

88207 

88213 

88218 

88224 

88230 

88236 

88241 

88247 

763 

8825^ 

88158 

88264 

88270 

88275 

88281 

88287 

88292 

88298 

88304 

764 

88309 

88316 

8832 1 

88326 

88332 

88338 

88343 

88349 

88355 

88360 

765 

88.S66 

Kd371 

88377 

88383 

88389 

88395 

88400 

88406 

88412 

88417 

766 

884 2.^ 

.>.t429 

88434 

88440 

88446 

88451 

88457 

88463 

88468 

88474 

ft 

767 

884:>0 

884^5 

88491 

88491 

88502 

83508 

88513 

88519 

886S6 

88630 

768 

88536 

8}i542 

88547 

88553 

88559 

88564 

88570 

88576 

88681 

88587 

769 

88593 

8859  S 

Jj8604 

88610 

88615 

88621 

88627 

88632 

88638 

88643 

k. 

770 

i>:j«49 

88655 

88660 

88666 

88672 

88677 

88683 

88689 

88694 

88700 

*• 

771 

88705 

88711 

88717 

88722 

88728 

88734 

88739 

88746 

88760 

88766 

772 

88762 

88767 

88773 

88779 

88784 

88790 

88795 

88801 

888071 

88812 

773 

88818 

88824 

88829 

88835 

88840 

88846 

88852 

88857 

88863 

88868 

774 

88874 

88880 

83885 

88891 

88897 

80902 

88908 

88913 

88919 

88925 

775 

88930 

88936 

88941 

U8947 

889.)3 

3895.". 

8J;964 

88969 

88976 

88981 

r 

776 

389H6 

88996 

88997 

89003 

89009 

89014 

89020 

89025 

89031 

89037 

777 

89042 

89048 

89053 

89059 

89064 

89070 

89076 

89081 

89087 

89092 

778 

89098 

89104 

89109 

89115 

89120 

89126 

89131 

89137 

89143 

89148 

779 

89154 

89159 

89165 

89170 

89176 

89182 

89187 

89193 

89198 

89204 

760 

89209 

89215 

89221 

89226 

89232 

89237 

89243 

89248 

89254 

89260 

7ai 

89265 

89271 

89276 

89282 

89287 

89293 

89298 

89304 

89310 

89316 

7ttS 

893^26 

89332 

89337 

89343 

89348 

r.9354 

89360 

89366 

89371 

* 

783 

;;?>376 

89382 

39387 

89393 

80398 

89404 

89400 

89416 

89421 

89426 

734 

89432 

89437 

89443 

894-18 

894.H 

89459 

89465 

89470 

89476 

89481 

7!-;5 

0941i7 

M9492 

89498 

89504 

89/109 

89515 

89520 

89526 

89531 

89537 

7;jb 

89542 

89543 

89553 

89559 

89564 

89570 

89575 

89581 

89586 

89692 

787 

89597 

89603 

89609 

89614 

89620 

89625 

89631 

89636 

8964t 

89647 

788 

89653 

89658 

89664 

89669 

89675 

89680 

£9686 

89691 

89697 

89702 

789 

89708 

89713 

89719 

89724 

897:J0 

89735 

89741 

89746 

89752 

89767 

790 

89763 

89768 

89774 

!J9779 

89785 

89790 

89796 

89801 

89807 

89812 

791 

89818 

89823 

89829 

89834 

89840 

89845 

89851 

39856 

89862 

89867 

79« 

89873 

89878 

89883 

89889 

89894 

89900 

89905 

89911 

89916 

89922 

793 

89927 

89933 

89938 

89944 

89949 

89955 

89960 

89966 

89971 

89977 

794 

89982 

i^99a8 

89993 

«999>i 

900(H 

90009 

90015 

90020 

90026 

90031 

7!».-. 

90U37 

9(HH2 

90048 

90053 

90059 

90064 

90060 

90075 

90080 

90006 

796 

00091 

900U7 

90102 

90108 

90113 

90119 

90124 

90129 

90136 

90140 

797 

90146 

90151 

90157 

90162 

9016:i 

90173 

90179 

90184 

90189 

90196 

798 

902(» 

90206 

90211 

90217 

90222 

90227 

90233 

90238 

90S44 

90249 

799 

902.>^ 

90260 

9*^206 

90271 

9<^276 

902'.2 

90287 

90293 

90298 

90304 

800 

903'.  f9 

9<J314 

9(»:i20 

90325 

90331 

90J.}6 

90342 

90347 

90S6t| 

903AB 

801 

90363 

9i>369 

90374 

90380 

iK)335 

90390 

90396 

90401 

90407 

90412 

802 

90417 

W»423 

90428 

90434 

90439 

90415 

90450 

90465 

90461 

90466 

803 

90472 

90477 

904b2 

904i:S 

90493 

90499 

90504 

90509 

9051^ 

906S0 

804 

90626 

90531 

90536 

9fl542 

90547 

90553 

90558 

90563 

90569 

90674 

KOd 

9O580 

90)85 

90.190 

M596 

90601 

lloiiO? 

90617 

90623 

90628 

806 

9063-^ 

90639 

906  U 

90650 

9O605 

90660 

90666 

90671 

90677 

90681 

807 

90687 

90693 

90698 

90703 

90709 

90714 

90720 

90726 

90730 

9075B 

808 

90741 

90747 

90752 

90757 

90763 

90768 

90773 

90779 

90784 

90789 

o09 

90795 

90800 

9«>8()6 

90811 

90KI6 

90822 

90827 

90832 

90838 

90843 

r  lU 

90849 

908J4 

90859 

90865 

9<i870 

90875 

90881 

90;^  86 

90891 

90897 

811 

90902 

90913 

90918 

90924 

90929 

90934 

90940 

90946 

90980 

812 

90956 

90961 

9<J966 

00079 

90988 

90993 

90998 

91004 

813 

9 1009 

91014 

91020 

91025 

91030 

91036 

91041 

91046 

91052 

91057 

814 

91062 

91068 

91073 

91078 

91084 

91089 

91094 

91100 

91106 

91110 

91116 

911 

91126 

91132 

91137 

91142 

91 148 

91153 

91168 

91164 

91169 

91174 

91180 

91185 

91190 

91196 

91201 

91206 

9]21t 

91217 

j&n 

91222 

91228 

91233 

91238 

91243 

91249 

91264 

91259 

91266 

91270 

H18 

91276 

9l2!;i 

91286 

91291 

91297 

91302 

91307 

91312 

91318 

913t3 

RI9 

91328 

91334 

91339j 

91344 

91350 

91355 

91360 

91:t65 

91371 

91376 

No.    1  0 

1 

3 

4 

6 

6    i  7 

8     i  9 

TABL£  XXVI. 

1 

> 

OM. 

Log.^lS81 — 

m 

823 
8t4 


8S6 
8f6 

827 
828 
829 


8^ 

832 

833 
834 


83^ 


837 

838 

339 


840 

841^' 

842 

843 

844 


846 
846 
M7 

848 
849 


850 
851 
902 

833 
854 


855 

807 

858 
859 


860 
861 
862 


8fi'> 
866 
867 


869 


870 
871 
872 
873 


nib 

876 
877 
878 
87a 


No. 


0 

91434 
91437 
91540 
91693 


91645 

91698 
91751 
91803 
91800 


91908 
91960 

92012 
92065 
92117 


9^169 
922S1 

92273 
92324 
92376 
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91440 
91492 
91046 


91661 
91703 
91756 
91808 
91861 


91913 
91966 

92018 
92070 
92122 


91392 
91445 
91498 
91651 
916031 


91656 
91709 
91761 
91814 
91866 


92174, 
92226 

9227r! 

92330 
92381 


M480i 
92631 

92583 
92634 


92686 
92737 
92788 

92840 
92i;91 


92942 
92993 
93044 

93095 
93146 


93197 
93247 
93296 

93349 
93399 


92433 
92485 

92536 
92588 
92639 


92691 
92742 
917931 

9284;- 
92896 


92947 
92998 
93049 

93100 

93I.'>1 


93450 
93600 
93651 
93601 
93651 


9,1202 
93252 
93303 
93364 
93404 


934ao 
93:)0o 
93666 
93606 
93656 


93702  i>3707 


9375^ 
93802 


937n7 
93S07 


93801  93867 


9390t 


939;.2 
94002 
94062 
94101 
94151 


93907 


•J3*Jj7 
94007 
94057 
94106 
94156 


94201 
94300 


9420(1 
94305 


94349f  94354 


91918 
91971 

92023 
92075 
92127 


91397 
914.90 
91503 
91666 
916091 


91661 
91714 
91766 
91819 
91871 


I 


914031 

91455 
91508 
91661 
916141 


91408  9141di 


91924 
91976 

92028 
92080 
92132 


92179 
9tt3l| 

92283 
923;^ 
92387 


92184 


92288 
92340 
92392 


92438 
92490 

92542 
92593 
92645 


92G96 
92747 
92799 

92850 
92901 


92952 
93003 
93004 

93106 

931  Mi 


93207 
93268 
933081 

93359 
93409 


92443 
92496 
92547 

92598 
926.50 


92701 
92762 
92804 

92855 
92906 


92957 
93008 


93110 
931G1 


93212 
93263 
93313 

93364 
93414 


9*160 
93610 
93561 
93611 
93661 


937)2 
93762 
93812 
93862 
93912 


93466 
93515 
93666 
9361b 
93666 


93962 
94012 
94062 
94111 
94161 


942 II 
94260 
94310 
943691 

94 


93717 
93767 
93817 
93867 
93917 


93967 

9U)17 

91067 

941161 

94166 


0 


1 


94216 
942G5 
94315 
94364 
94^114 


91666 
91719 
91772 
91824 
91876 


91929 
91981 

92033 
92085 
92137 


92189 
9ff4f 

92293 
92345 

92397 


924-^9 


91461 
91514 
91666 
0)019 


91672 

91724 
91777 
91829 
91882 


91934 
91986 

92038 
92091 
92143 


9141 

91466 
91519 
91672 

91730 
91782 
91834 
91887 


914181 

91471 
91524 
91677 


91939 

91991 
92041 
92096 
92148 


92195 
9SS47! 

922981 
92360' 
92402 


92200 
9SS62 

92304 

923.55 
9240 
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92600  9X000! 

9ii552  92557 
92G03  92609 


92655 


92(;60 


92459 
9S01 

92562 
92614 

9266.J 


92706 
92768 
92809 

92860 
9291 1 


92962 
93013 
93064 

93115 

93166 


93217 
93268 
93318 

93369 
93420 


93470 
93520 
93671 
93621 
93671 


9.1722 
93772 
93822 
93872 
93922 


93972 
94022 
94072 
94121 
94171 


04221 

94270 

94320 

94369 

94419 


92711  92716 
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92814  9S819 

92865  92870 
929)6  92921 


92967 
930181 


93069  93076 


931201 
93171 


93222 


92973 
93024 


9312.' 
93176 


914244 

91477 
91529 
91682 
9PSS6 


91736 
91787 
91840 
91892 


91944 

91997 
92049 
92101 
92155 


92205 
92207 

92309 
92361 
92412 


9246^ 
92016 

92567 

92619 
92670 


92722 
92773 

92824 

92875 
92927 


9 
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•J1482 
91535 
9J687 
ilOM 
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91740 
91793 
91845 
91897 
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92002 
92064 
92106 
92168 


92210 
92262 

923)4 
92366 
92418 


92469 
9C621 

92572 
92624 

92675 


929 />i 
93029 
930801 
93131 

931fil 


93232 


93227 
9S273{  932781  93283 
933161  f0il34 

93384 


933741  93379 
9S425i  934301 


93475 
93526i 
93076: 

93626 
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93480 
93631 
93081 

93631 
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93727  93732 
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93827 
988771 


93C32 
93^^82 


93927  93932 


93977  93982 
94027|  94032 
94077  94082 
94l26t  94131 

94176  94181 


94226 
94275 
94325 
94374 

94424 


94231 
94280 
94330 
94579 

94;:'ji 
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93436 


934K5 
93636 
93086f 

936.36 
93687 

"93737 
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93837 
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93987 
94037 
94086 
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942.^5 
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93085 
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93691 
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92059 
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92629 
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92732 
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92834 
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92988 
93039 
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93141 

93192 


93242 
93293 
93344 

93394 
93445 
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93897 
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9 10  n 
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94596 
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lO 
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94626 
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94635 
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94670 

94/i75 
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885 

94694 
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94714 

94719 

94724 

94729 

94734 
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94802 

94807 
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94817 

94822 

94827 

94832 

94836 

888 

94841 

94346 

94851 

J+oOO 

y  ♦oo  1 

94866 

9487 1 

9487  o 

94880 

94885 

889 

94890 

94895 

'  4900 

94915 

94919 

94934 

890 

94939 

94944 

94949 

94954 

94959 

94963 

94973 

94978 

891 

94988 

94993 

94998 

95002 

95007 

95012 

95017 

95022 

95027 

05032 

892 

95036 

95(U1 

95046 

95051 

95056 

95061 

95066 

95071 

95075 

95080 

393 

95085 

95090 

9.'i095 

JO  1  Ulr 

1  U.7 

95109 

95114 

OKI  1 0 

951 19 

951^ 

95129 

894 

95134 

95139 

95143 

ifij  1  "rO 

95158 

95163 

yoiDo 

yol  it> 

95177 

*F  ^  Iff 

895 

95182 

95187 

95192 

95197 

95202 

95207 
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95221 

896 

95231 

95236 

95240 

96246 

95260 

9dt66 

95260 

95265 

95270 

95274 

897 

96279 

95284 

95289 

95294 

95299 

96903 

95308 

95313 

95318 

95323 

898 

95328 

96332 

95337 

95352 

95357 

95^>6 1 

9d3C6 

95371 

899 

95376 

95381 

95386 

95400 

95405 

V%yr  i  I' 

95419 

900 

954v:4 

95429 

95434 

95439 

95444 

95458 

954»i3 

M^4l>)l 

901 

95^172 

95177 

95-482 

95487 

95492 

95497 

95501 

95506 

95511 

96516 

902 

95521 

96625 

95530 

95535 

95540 

96545 

96550 

95554 

95569 

96564 

903 

95569 

96674 

95578 

95593 

95598 

95602 

95607 

95612 

904 

95617 

95622 

95626 

96641 

95646 

ydo55 

95660 

905 

95665 

95670 

95674 

95679 

95684 

95698 

95703 

(1^7  AO 

yo  luo 

906 

96713 

95718 

95722 

95727 

95732 

95737 

95742 

95746 

95751 

907 

95761 

95766 

95770 

95775 

95780 

95785 

95789 

95794 

95799 

Q5fiA4 

903 

95809 

95813 

958 18 

90o"o 

95832 

95837 

96842 

96847 

95^*i9 

909 

95856 

95861 

95866 

95880 

95^85 

if5o90 

95895 

910 

95904 

95909 

95914 

95918 

95923 

95938 

95942 

y«>!T*< 

911 

95952 

95957 

95961 

95966 

95971 

95976 

95980 

95985 

95990 

912 

95999 

96004'  96009 

96014 

96019 

96023 

96028 

v»    V  «fc  V 

96033 

96038 

96(V4f 

913 

9r)(M-3 

96052 

IfoUO  I 

youoo 

96071 

96076 

96080 

96085 

96000 

OU 

96095 

!»609!> 

96104 

iJV  1  I  *t 

961 18 

96123 

9oI33 

96137 

915 

9614,: 

96147 

96152 

96156 

96161 

96 1 66 

96176 

96180 

loo 

916 

96190 

96194 

96199 

96204 

96209 

96213 

96218 

96223 

96227 

96£S2 

917 

96J37 

96242 

9624f> 

96251 

96*256 

96261 

96265 

96270 

96275 

918 

962a4 

96289 

96294 

96308 

96313 

96317 

96322 

919 

96332 

96336 

963-41 

96355 

96360 

yo.>bo 

96369 

OfiT74 

920 

96379 

96384 

96388 

96393 

96398 

;70*»v  f 

96412 

96417 

921 

9642(; 

96431 

96  435 

96440 

96445 

96450 

96454 

96459 

96464 

922 

9C473 

96178 

96483 

96487 

96492 

06497 

96501 

96506 

96511 

1  if 

923 

96520 

96525 

96530 

yoojj 

96544 

96548 

96553 

96558 

46'>6<* 

924 

96567 

96572 

96577 

JMOo  I 

yuuoo 

96591 

96595 

9doOU 

90605 

925 

96614 

96619 

96624 

96628 

96633 

96647 

■^6652 

yoooo 

926 

96661 

96666 

96670 

96675 

96680 

96685 

96689 

96694 

96699 

JO  4\jO 

927 

9670S 

96713 

96717 

96722 

96727 

96731 

9673fi 

96741 

96745 

928 

96755 

%759 

96764 

96769 

96774 

96778 

96788 

96788 

96792 

ju  1 

929 

96802 

96806 

96^11 

96816 

96820 

96825 

96830 

96834 

96839 

yoo*** 

930 

96i;48 

96853 

96«58 

96862 

96867 

96872 

J\iO  4  0 

96881 

%886 

yboyu 

,  931 

96095 

96900 

96904 

96909 

96914 

96918 

96923 

96928 

96932 

969X7 

1  932 

9o94* 

96946 

96951 

96956 

96960 

96965 

96970 

96974 

96979 

96984 

!  933 

96988 

96993 

96997 

97002 

97007 

97011 

97016 

97021 

97026 

97030 

934 

97035 

97039 

97044 

9704 i) 

97053 

97058 

97063 

97067 

97072 

97077 

935 

97U81 

97006 

!»7090 

97095 

97100 

97104 

97109 

97114 

97118 

97123 

936 

97128 

97132 

97137 

97142 

97146 

97151 

97155 

97160 

97165 

97169 
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97174 

97179 

97183 

97188; 

97192 

97197 

97202 

97206 

97211 

97216 

930 

97i'20 

97225 

97230 

97234 

97239 

97243 

97248 

97253 

97257 

9726S 

1  939 

97271 

97276; 

97280  97285i  97290 

97294 

97299 

9730-4 

97308 

1  Mo. 
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2  1 

3  ! 

4  1 

5 

6  1 

7 

8 

9 
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9W 
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y7»$54 
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97377 
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942 

97405 

97410 
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97424 

97428 
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J 
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97451 
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97497 

97506 

97511 
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97548 
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J  to  to 
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y  /ooj 

946 

97589 

97594 
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97607 

97612 

97617 
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07621 

J  1  J 

J  lOOU 

947 

97635 

97640 

97644 

97649 

97653 
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97663 

07*ifi7 

07fi7*» 

07fi7<t 

J  f  0  ID 

948 

97681 

y  /ooo 

976901  97695 

97699 
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077 1 

07717 
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07794 
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q77  ^0 

J  i  i  OJ 
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y  /ouy 
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951 

97818 

97823 
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97841 

97H4.S 
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952 

97864 

97068 

97517'? 
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97882 
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97891 

0780^^ 
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»J  ff  TW 
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953 

97909 
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y  /y  r* 

97Qlfl 

J  IjiO 

97928 
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ytiZjy 
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98336 
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yo  III 

971 

98722 

98726 
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972 
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9877fi 
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98820 
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0  66 

69  4 

69713 

93804 

75939 

24061 

06196 

30257 

7 

64 

0  48 

69  12 

69765 

93797 

76969 

24031 

06203 

30235 

6 

65 

8 

0  40 

3  69  20 

9.69787 

9.93789 

9.75'J98 

10.24002 

10.06211 

10.30213 

6 

56 

0  32 

69  28 

69809 

93782 

76027 

23973 

06218 

3019r 

4 

57 

0  24 

69  36 

69831 

93775 

76056 

23944 

06225 

30169 

3 

68 

0  16 

59  44 

09853 

93768 

76086 

23914 

06232 

30147 

2 

69 

0  8 

69  62 

69875 

93760 

76116 

23885 

06240 

30125 

1 

60 

0  0 

400 

69G97 

9S763 

76144 

£3856 

06247 

30103 

0 

M  IHuurpji.  ^ 

AOUTA.M. 

Co-sine. 

bine.   1  Co-tang.  1 

Tangent.  < 

Co'ftenuit 

Secant. 

M 

119  Degs.  Degs.  60. 


30  Degs. 


TABLE  XXVII. 
Log.  Sines,  Tangents  and  Secants. 


Dejrs  149. 


ilourA.M 


8    0  0 
7  69  52 
59  44j 
69  36 
69  28 


69  20 
69  12 
69  4| 
68  56 
68  48 


68  40 
68  32 
68  S4 
68  16 
68  8 


7  68  0 
67  62 
57  44 
57  36 
67  28 


57  20 
67  12 
67  4 
66  66 
66  48 


7  66  40 

66  32 
66  24 
66  16 
56  8 


56  0 
55  52 
55  44 
65  36 
65  28 


7  55  20 
65  12 
55  4 
64  66 
54  48 


64  40 
64  32 
6-i  24 
64  16 
64  8 


54  0 
63  52 
63  44 
63  36 
53  28 


53  20 
53  12 
63  4 
62  66 
62  48 


7  62  40 
62  32 
62  24 
62 
62 
62 


16 

? 


Uourp.M. 


0  0 
0  8 
0  16 
0  24 

0  32 


0  40 
0  48 

0  66 

1  4 
1  12 


01 


1  20 
1  28 
1  36 
1  44 
I  52 


4  2 

o 

2 
2 
2 


0 
8 
16 
24 
32 


2  40 
2  48 

2  66 

3  4 
3  12 


3  20 
3  28 
3  36 
3  44 
3  62 


4  0 
4  8 
4  16 
4  24 
4  32 


Sine. 


9.69897 
69919 
69941 
69963 
69984 


9.700O6 
70028 
70050 
70072 
70093 


9.70115 
70137 
70169 
70180 
70202 


9.70221 
70245 
70267 
70288 
703101 


9.70332 
70353 
70375 
70396 
70418 


9.70439 
70461 
70482 
70504 
70526 


4  40 
4  48 
4  56 
6  4 
6  12 


6  20 
6  28 

5  36 

6  44 
5  52 


6  0 
6  8 
6  16 
6  24 
6  32 


6 
6 
6 
7 
7 


9.70547 
70668 
70590 
70611 
70633 


.70654 
70675 
70697 
70718 
70739 


9.70761 
70782 
70803 
70824 
70846 


9.708G7 
70888 
70909 
70931 
70952 


Co-sine. 


9.93753 
93746 
93738 
93731 
937241 


.93/17 
93709 
93702 
93695 
93687 


9.936:^0 
93673 
93665 
93658 
93650 


9.93643 
93636 
93628 
93621 
93614 


9 . 93606 
93599 
93591 
93584 
93577 


9  93569 
93562 
93554 
93547 
93539 


9.93532 
93525 
93517 
93510 
93502 


.93495 
93487 
93480 
93472 
93465 


9.93457 
93450 
93442 
93435 
93427 


40 
48 
56 
4 
12 


7 
7 
7 
7 
7 
8 


20 
S8 
36 
44 
62 
0 


Hourp.u.lHourA.M.I  Co-sinc 


9 


.70973 
70994 
71015 
71036 
71058 


.71079 
71100 
71121 
71142 
71163 
7U84 


9.93420 
93412 
93405 
93397 
93390 


9.93382 
93375 
93367 
93360 
93352 


.9334t 
93337 
93329 
93322 
93314 
93307 


Sine. 


Tangent. 


9.76144 
76173 
76202 
76231 
76261 


9.7^90 
76319 
76348 
76377 
76406 


CO'tang.  Secant 


10.23856 
23827 
23798 
23769 
237.^9 


10.23710 
23681 

23652 
23623 
23594 


.76435 
76464 
76493 
76622 
76551 1 


10.23566 
23536 
23507 
23478 
23441J 


9.76580 
76609 
76639 
76668 
76697 


9.76726 
76754 
76783 
76812 
76841 


9.76870 
76899 
76928 
76957 
76986 


9.77016 
77044 
77073 
77101 
77130 


.77159 
77188 
77217 
77246 
77274 


10. 234201 10 
23391 
23361 
23332 

23303 


10.23275 
23246 
23217 
23188 
23159 


10.23130 
23101 
23072 
23043 
23014 


10.22985 
22956 
22927 
22899 
22870 


10 


22841 
22812 
22783 
22754 
22726 


9.77303 
77332 
77361 
77390i 
77418 


9.774-47 
77476 
77505 
77533 
77562 


10 


.22697 
22668 
22639 
22610 
22582 


10.22553 
22524 
22495 
22467 
22438 


9.77591 
77619 
77648 
77677 
77706 


10.22409 
22381 
22352 
22323 
22294 


9.77734 
77763 
77791 
77820 
77349 
77877 


120  Degs. 


Co-tang. 


10 


,22266 
22237 
22209 
22180 
22151 
22 123 


10.06247 
06254 
06262 
06269 
06276 


10.06283 
06291 
06298 
06305 
06313 


10.06320  10.2988dj 
06327  29863 
06335  29841 
06342  tl9H20 
06350  29798 


,06357 
06364 
0637-: 
06379 
06386 


lU. 06394^10 
06401 
06409 
06416 

06423 


10.06431 
06438 
06446 
06453 
06461 


10.06468 
06475 
06483 
06490 
06498 


10.06505 
06513 

o65:o 

06528 
06535 


Co-secant|  M 


10.30103 
30081 
30059 
30037 
30016 


10.29994^ 
29972 
29950 
29928 
29907 


60 
69 
58 
57 
66 


65 
64 
53 
52 
51 


50 
49 
43 
47 
46 


10.29776 
29756 
29733 
29712 
29690 


.29668 
29647 
29625 
29604 
29582 


10.2^561 
29539 
29518 
29496 
294751 


10.29453 
29432 
29410 
29389 
29367 


10.06543 
06550 
06558 
06565 
06573 


10.06580 
06588 
06595 
06603 
06610 


10.06618 

06625 
06633 
06640 
06648 


10 


06656 
06663 
06671 
06678 
06686 
06699 


10 


45 
44 
43 
42 
4! 


40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


30 
29 
28 
27 
26 


.29346 
29315 
29303 
292811 
29261 


10 


,29239 
29218 
29197 
29176 
29154] 


10.29133 
29112 

29091 
29069 
29048 


10.29027 
29006 
28985 
28964 
23942 


Tftngent.'Co-secant 


10.28931 
28900 
288791 
28858 
28837 
28816 


25 
24 
23 
23 
21 


20 
19 
18 
17 
16 


16 
14 

13 
12 
II 


10 
9 
8 
7 

6 


5 
4 
S 
2 
I 
0 


Secant.  I  M 
De^  53 


Google 


31  Deg^. 


TABLE  XXVII.  . 
Log.  Sines,  Tangents  and  Secants. 


213 


M 


0 
1 

s 

3 
4 


5 
6 
7 
8 
9 


10 
11 
12 
13 
14 


Id 
16 
17 
18 
19 


10 
SI 
22 
23 

24 


25 
26 
27 
28 
29 


30 
31 
32 
S3 
34 


35 
36 
37 
38 
39 


40 
41 

4i 
43 
44 


45 
46 
47 

48 

49 


60 
61 
52 
63 
54 


55 
56 
67 
68 
69 
60  I 


HOUTA.M. 


7  52  0 
51  52 
61  44 
51  36 
51  28 


51 
51 
61 


20 
12 
4 


50  56 
50  48 


50  40 
50  32 
60  24 
60  16 
50  8 


I  fourp.M 

4    8  0 

8  a 
8  16 
8  24 
8  32 


8  40 

8  4S 

8  56 

9  4 
9  12 


9 
9 
9 
9 
9 


20 
28 
36 
44 
52 


7  50  0 
49  52 
49  44 
49  36 

49  28 


10 
10 
10 
10 
10 


0 
8 
16 
24 

32 


7  49  20 
49  12 
49 
48  56 
48  48 


7  48  40 
48  32 
48  24 
48 
48 


16 


8 


7  48  0 
47  52 
47  4-4 
47  36 

47  28 


7  47  20 
47  12 
47 
46  56 
46  48 


7  46  40 
46  32 
46  24 
46  16 

46  8 


7  46 
46 
45 

45 
45 


0 
62 
44 

36 
28 


7  45 
45 
45 
44 
44 


20 
12 
4 
56 
48 


7  44 
44 


44 
44 

44 


40 
32 
24 

16 
8 

0 


10 
10 
10 
11 
11 


40 
48 

56 
4 
12 


11 
11 
11 
11 
11 


20 
28 
36 
44 
62 


12 
12 
12 
12 

12 


0 
8 
16 

24 

32 


12 
12 
12 
13 
13 


40 
48 
56 
4 
12 


4  13 
13 
13 
13 
13 


20 
28 
36 
44 
52 


4  14 
14 
14 
14 
14 


0 
8 
16 
24 
S2 


Sine.  Co-sine. 


9.71184. 
71205 
71226 
71247 
71268 


9.71289 
71310 
71J31 
71332 
71373 


9.71393 
71414 
71435 
71466 
71477 


9.93307 
93299 
93291 
93284 
93276 


Tangent 


9.77877 
77906 
77935 
77963 
77992 


Co-tang.  Secant. 


10.22123)10.06693 
220941  06701 
22065  06709 
22037  06716 


22008 


9.93S69 
93261 

932331 
93246; 
93238 


9.93230 
93223 
93215 
93207 

93200 


9.78020 
78049 
78077 
78106 
78133 


9.71498 
71319 
71339 
71360 
71381 


9.71602 
71622 
71643 
71664 

71685 


9. 717031 
71726 
71747 
71767 
71788 


9.71809 
71829 
71830 
71870 
71891 


9.71911 
71932 
71952 
71973 
71994 


9.72014 
72034 
72035 
72073 
72096 


9.72116 
72137 
72137 
72177 
72198 


4  14 
14 
14 
15 
16 


40 
48 
56 
4 
12 


4  15 
15 
15 
15 
16 
16 


20 
28 
36 
44 

621 

ol 


9.72218 
7S338 
72259 
72279 
72299 


9.72320 
72340 
72360 
72381 
72401 
72421 


9.^3192 
1/3  IS- 
93177 
93169 
93161 


9.S3134 
93146 
93138 
93131 
93123 


9, 


93113 
93108 
931(l> 
93092 
930M 


9.93077 
9300) 
9306' 
9303; 
930^10 


9.78163 
78192 
78220 
78249 
78277 


9.78306 
78334 
78363 
78391 
78419 


9.78448 
78476 
78303 
78333 
78362 


9.78390 
78618 
78647 
78673 
78704 


9.7t]732 
78760 
78781> 
78817 
78845 


9.930381 
93030 
93022 
93014, 
9300: 


9. 78874 
78902 
78930 
78939 
78987 


9.9299i 
92991 
92983 
92976 
93968 


9.7y01a 
79043 
79072 
79100 
79128 


92960 
92952 
92944 

92936 
929i!9 


.79136 
79183 
79213 
79241 
79269 


9.92921 
92913 
92906 
92897 
92889 


9.79297 
79326 
79354 
79382 
79410 


10.21980 

21931 
21923 
21894 
21863 


10.21837 
21808 
21780 
21731 
21723 


10 


21694 
21666 
21637 
21609 
21381 


06724 


10.06731 
06739 
06747 
06734 
06762 


10.06770 
06777 
067  83 
06793 
06800 


10.06808 
06816 
06823 
06831 
06839 


10.21332110.06846 


213241 
21493 
21467 
21438 


10 


21410 
21332 
21353 
21325 

212% 


06834 
06862 
06869 
06877 


10.06885 
06892 
06900 
06908 
06916 


10 


21268 
21.240 
21211 
21183 
21155 


10 


.06923 
06931 
06939 
06917 
0r.9.'>4 


10. 


21126  10 

21098 

21070 

210H 

21013 


069(J2 
06970 
06978 
06986 
06993 


10 


20983' 10 
20957 
209281 
209001 


20872! 


07001 
07009 
07017 
07024 
07032 


10 


.20U44J10 
208 1» 
20787 
20739 
20731 


07040 
07048 
07036 
07064 
07071 


9.92881 
92874 
92866 
92838 
92830 
92842J 


9.79438 
79466 
79495 
79323 
79351 
79579 


M  IHourp.M.'HourA.M.I  Cp»sine.  i  Sine.  I  Co-ta 
121  Uegff.  ■  


10.20703 
20674 
20646 
20618 
20590 


10.07079 
07087 
07095 
07103 
07111 


10.20362 
20334 
20506 
20477 
20449 
20421 


Tangent. 


10.07119 
07126 
07134 
07142 

07130 
07158 


Co-fecam 


Dcg.  148. 

Co-secaiit|  M 

10.288l(] 

{  60 

28793 

'  59 

28774 

58 

28753 

37 

28732 

66 

10.28711 

55 

28690 

54 

28669 

53 

28648 

52 

28627 

51 

10.28607 

50 

28586 

49 

28565 

48 

28544 

47 

28523 

46 

10.28502 

45 

28481 

44 

28461 

43 

28440 

42 

28419 

41 

10.28398 

40 

28378 

39 

28337 

38. 

28336 

37 

28315 

36 

10.28296 

36 

28274 

34 

28233 

33 

28233 

32 

28212 

31 

10.28191 

30 

28171 

29 

28150 

28 

28130 

27 

28109 

26 

10.28089 

23 

28068 

24 

28048 

23 

28027 

22 

28006 

21 

10.27986 

20 

27966 

19 

27945 

18 

27923 

17 

27904 

16 

10.27834 

15 

27863 

14 

27843 

13 

27823 

12 

27802 

11 

10.27782 

10 

27762 

9 

27741 

8 

27721 

7 

27701 

6 

10.27680 

5 

27660 

4 

27640 

3 

27619 

2 

27699 

1 

27379 

0 

Secant. 

M 

Deg«.  3R. 


Google 


TABLE  XXVn. 
Log.  Sines,  Tangents  and  Secants. 


Deg^  147. 


M 

HoUfA.M. 

Hourp.M. 

Sine. 

Co-?*ine. 

Tangent. 

Co-tang. 

Secant 

Co-»rcaui 

i   M  1 

u 

7 

44  0 

4 

16 

U 

9. 72421 

9. 

92842 

9.711579 

10. 

2u421 

10.07169 

I0.27.j7y 

'  60 

1 

43  62 

16 

8 

72441 

vybOT 

07166 

2765» 

I  59 

2 

43  44 

16 

16 

724b  1 

7yb35 

07174 

27539 

63 

3 

43  36 

16 

21 

72482 

to 

7ybb3 

07182 

27518 

67 

4 

43  28 

16 

32 

79691 

07190 

27198 

56 

b 

7 

43  20 

4 

16 

40 

9 

72522 

9 

92803 

9 

^ll^  Ilk 

.79719 

1  A 
10. 

20281 

10.07197 

10.27473 

65 

6 

43  12 

16 

48 

72542 

79747 

20253 

07205 

27l5o 

64 

7 

43  4 

16  66 

72562 

OOTOT 

7n77C 

7y77o 

20221 

07213 

2743« 

53 

3 

42  56 

17 

4 

72o82 

/  iy 

20196 

07221 

27418 

52 

9 

42  48 

17 

12 

7*'fi02 

yz  ill 

79832 

20168 

07229 

27398 

61 

7 

42  40 

4 

17 

20 

9 

.72622 

9 

.  9z/nJ 

^  n  u  fc 

10 

20110 

10.07237 

10.27378 

50 

11 

42  32 

17 

28 

72643 

yz  /OO 

7^088 

20112 

07245 

27357 

49 

IS 

42  24 

17 

36 

72663 

yZ  f  4 1 

7^916 

20084 

07253 

27337 

48 

13 

42  16 

17 

44 

72683 

1  jy 

7J'J11 

20056 

07261 

27317 

47 

14 

42  8 

17 

62 

/ol 

79972 

20028 

07269 

27297 

46 

7 

42  0 

4 

18 

0 

9 

.72723 

9 

. 92723 

9 

.tfOOOO 

10.20000 

10.07277 

iU.27277 

46 

16 

41  62 

18 

8 

72743 

SIX  /  lO 

80028 

19972 

07286 

27267 

44 

17 

41  44 

18 

16 

72763 

80056 

19941 

07293 

272371  43 

18 

41  36 

18 

21 

727  }i3 

800U1 

1991C 

07301 

272171  42 

19 

41  28 

18 

3i 

72K()3 

80112 

19888 

07309 

27197 

41 

}C\ 
i\3 

7 

41  20 

4 

18 

40 

9 

.72823 

9 

.y2bi)0 

9 

.30140 

10 

19860 

10.07317 

Iv.Z 114  4 

di\  ' 
'••J 

21 

41  12 

18  48 

72843 

92675 

80168 

19832 

07325 

27167 

39 

22 

41  4 

18  56 

72863 

92667 

80195 

19805 

07333 

27137 

38 

23 

40  56 

19 

4 

72883 

92659 

80223 

19777 

07W1 

27117 

37 

24 

40  48 

19 

12 

92651 

80261 

19719 

07349 

27098 

36 

1 

— *> 

7  40  40 

4 

19 

20 

9 

.72922 

9 

.92643 

9.80279 

10.19721 

10.07357 

10.27078 

26 

40  32 

19  28 

72912 

92636 

80307 

19693 

07365 

27058 

27 

40  24 

19 

36 

72962 

92627 

80335 

19666 

07373 

27036 

33 

28 

40  16 

19  44 

72982 

92619 

80363 

19637 

07381 

27018 

32 

29 

40  8 

19 

62 

f  0\A/<<i 

92611 

80391 

19609 

07389 

26998 

31 

7 

40  0 

4 

20 

0 

9 

.73022 

9.92603  9 

.80419 

10 

.19681 

10.07397 

10.26978 

30 

31 

39  52 

20 

8 

73041 

V 

r.0117 

19553 

07106 

26959 

32 

39  44 

20 

16 

73061 

9258" 

80474 

19626 

07419 

26939 

33 

39  36 

20  24 

73081 

9257> 

80502 

19498 

07421 

26919 

27 

:U 

39  28 

20 

32 

1  oiyji 

92571 

80530 

19470 

07129 

S6899 

26 

7 

39  20 

4 

20 

40 

9 

.73121 

9 

.92565 

9.80558 

10 

.19442 

10.07437 

10.26879 

26 

36 

39  12 

20 

48 

73140 

92555 

80586 

19414 

07446 

26860 

i 

37 

39  4 

20  56 

73160 
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88786 

11214 

10160 

21375 

19 

42 

58 

24 

1 

36 

78642 

89830 

88812 

1 1188 

10170 

21358 

18 

43 

58 

16 

1 

44 

78658 

89820 

88838 

11162 

10180 

21342 

17 

44 

68 

» 

I 

52 

78674 

89810 

88864 

111S6 

10190 

21326 

16 

wO 

o 

58 

0 

5 

2 

0 

9.78691 

9 

89801 

9.88890 

10. 

11 1 10 

10 

.10199 

10.21309 

15 

46 

67 

52 

«> 

8 

78707 

89791 

88916 

11084 

10209 

21293 

14 

47 

57 

44 

2 

16 

78723 

89781 

88942 

11058 

10219 

21277 

13 

48 

57 

36 

2 

24 

78739 

89771 

%JJ  111 

88963 

1 1032 

10229 

21261 

12 

49 

57 

28 

2 

32 

78766 

89761 

88994 

11006 

10239 

21244 

11 

50 

6 

57 

20 

ft) 

40 

9.78772 

9 

9  89020 

in 

10. 

10243 

10.21228 

10 

31 

67 

12 

2  48 

78788 

89742 

8yiM6 

109.^4 

10258 

21212 

9 

r>2 

67 

4 

4 

56 

78805 

89732 

89073 

10927 

10268 

21195 

8 

53 

56 

56 

3 

4 

78821 

89722 

8901(9 

10901 

1027H 

21179 

7 

54 

56 

4J{ 

3 

12 

78837 

89712 

89125 

10876 

10288 

211fi3 

6 

55 

6 

66 

40 

5 

3 

20 

9.78863, 

9. 

89702 

9.89161 

10. 

10849 

10. 

10298 

10.21147 

5 

56 

66 

32 

3 

28 

78869 

89693 

89177 

10823 

10307 

21131 

4 

57 

66 

24 

3  36 

78886 

89683 

89203 

10797 

10317 

21114 

3 

58 

56 

16 

3  44 

78902 

89673 

89229 

10771 

10327 

21098 

2 

59 

56 

8 

3  52 

78918 

89663 

892651 

10745 

10337 

21082 

1 

60 

56 

0 

4 

0 

789341 

8966;>j 

89281 

10719 

10347 

21066 

0 

M  'Hourp.M. 

Co-sine.  1 

Sine.  1 

Co-taiig.  jTan^ent.  ICo-secani 

Seceuit. 

M 

Degs.  52. 


Google 


TABLK  XXVll. 
Log.  Sines,  Tangents  and  Secants. 


Dftgs.  141 


HOUTA.H 

Hourp.M. 

Sine. 

Co-sine. 

Tan^nt. 

Co-tanp. 

Secant. 

Co-sccant 

1 

0 

6 

66 

0 

6 

4 

0 

9.789341 

9 

.89653 

9 

.89281 

10 

.10719 

10. 

10347110. 2 1066 

1  60 

I 

65 

62 

4 

8 

78950 

89643 

89307 

106?'.3 

103.97 

210501  69 

z 

65 

44 

4 

16 

78967 

89633 

89333 

10667 

10367 

21039 

68 

3 

65 

36 

4  24 

78983 

i;y62t 

89369 

10641 

10376 

21017 

57 

4 

65 

28 

4  32 

78999 

89614 

89385 

10615 

10386 

21001 

56 

5 

6 

55 

20 

5 

4 

40 

9. 71)015 

9 

.89604 

9 

89411 

10 

.10589 

10. 

10396 

10.20985 

66 

6 

66 

12 

4 

48 

79031 

89594 

89437 

10563 

10-106 

20969 

64 

7 

55 

4 

4  66 

79047 

89584 

89463 

10537 

10416 

20953 

65 

8 

64  56 

5 

4 

79063 

89574 

894G9 

10511 

10426 

20937 

62 

9 

64  48 

6 

12 

79079 

89564 

89515 

10485 

10430 

Z09zl 

51 

10 

6 

54 

40 

6 

5 

20 

9 

.79095 

9 

.89554 

9 

89541 

10 

.10459 

10. 

10446 

10.20905 

50 

11 

64 

32 

6 

28 

79111 

89544 

89567 

lO-kia 

10456 

20889 

49 

xt 

64 

24 

6  36 

79128 

81'.^34 

89.593 

10407 

10466 

t0872 

48 

13 

64 

16 

6  44 

79144 

89524 

89619 

10381 

10476 

10856 

47 

14 

64 

8 

5 

52 

79160 

89514 

89646 

10355 

10486 

208441 

4o 

15" 

6 

64 

0 

5 

6 

0 

9 

.79176 

9 

89504 

9. 

89671 

10 

. 10329 

10. 

10496 

10.20824 

45 

16 

63  62 

6 

8 

79192 

89495 

89697 

1O303 

10505 

20808 

44 

17 

63  44 

6 

16 

7920  ; 

89485 

897 

10:277 

10515 

20792 

43 

18 

63  3C 

6 

24 

79224 

89475 

89749 

10251 

10525 

20776 

42 

19 

63 

28 

6 

32 

79240 

89465 

89775 

10225 

10535 

20760 

41 

iO 

6 

53 

20 

5 

6 

40 

9 

.79256 

9 

.89455 

9 

89801 

10 

.10199 

10. 

10545 

10.20744 

40 

21 

63 

12 

6 

48 

79272 

894-1.^ 

89827 

1017J 

10556 

20728 

39 

22 

63 

4 

6 

56 

792G8 

89435 

89853 

10147 

10565 

20712 

58 

C3 

52 

66 

7 

4 

79304 

89425 

89879 

10121 

10676 

20696 

37 

24 

52 

48 

7 

12 

79319 

89415 

89905 

10095 

10585 

20681 

36 

lb 

6 

52 

4f) 

5 

7 

20 

9.79335 

9 

.89405 

9 

89931 

10 

.10069 

10. 

10595 

10.20665 

35 

52 

32 

7 

28 

79351 

89395 

89957 

1004.3 

10606 

20649 

34 

27 

52 

24 

7 

36 

79367 

89385 

89983 

10017 

106ld 

10626 

20633  33 

28 

62 

16 

7 

44 

79383 

89375 

90009 

09991 

f0617 

32 

29 

62 

8 

7 

52 

79399 

89364 

9^)035 

09965 

10636 

20601 

31 

JO 

(> 

\l 

(1 

5 

8 

0 

9 

.79415 

9 

.89354 

9 

90061 

10 

.09939 

10. 

10646 

10.20585 

50 

.31 

51 

52 

8 

8 

79431 

89344 

90086 

0991  J 

10656 

20569 

29 

32 

61 

44 

G 

16 

79447 

89334 

90112 

09888 

10666 

20665 

28 

33 

51 

3r, 

8 

24 

79463 

89324 

90138 

09862 

10676 

20537,  27 

34 

61 

28 

8 

32 

79478 

89314 

90164 

09836 

10686 

20522 

26 

3d~ 

6 

51 

20 

5 

8 

40 

9 

79494 

9 

.89304 

9. 

90 1901 10. 09B 10 

10. 

10696 

10.20506 

26 

36 

51 

12 

8 

48 

79510 

89294 

90216 

09784 

10706 

20490^ 

24 

37 

61 

4 

8 

56 

79526 

89284 

09758 

10716 

20474 

28 

38 

60  56 

9 

4 

79.'>42 

89274 

90J6n 

miM 

10726 

204.^>8 

22 

39 

50 

43 

9 

12 

79558 

89264 

90294 

09706 

10736 

20442 

21 

40 

6 

50 

40 

5 

9 

20 

9 

.79573 

9 

.  892.>4 

9 

90320 

10 

09680 

10. 

10746 

I0.204«7 

to 

41 

60 

32 

9  28 

79589 

89244 

90346 

09654 

10766 

20411 

19 

42 

60 

24 

9 

36 

79(]0:i 

89233 

90371 

09629 

10767 

2039^ 

18 

43 

50 

16 

9  44 

79621 

89223 

903'.»7 

OyGU3 

10777 

20579 

17 

44 

50 

8 

9 

52 

79636 

89213 

90423 

09577 

10787 

20364 

16 

45 

6 

60 

0 

5 

10 

0 

9 

.79652 

9 

.89203 

9 

90449 

10 

.09551 

10. 

W797II0. 20348 

15 

46 

49 

52 

10 

8 

79668 

89193 

9047.') 

09526 

10807 

203321 

14 

47 

49 

44 

10 

16 

79634 

89183 

90501 

09499 

10817 

20316 

IS 

48 

49 

36 

10  24 

79699 

89173 

90527 

09473 

10827 

20301 

12 

49 

49 

28 

10 

32 

79715 

89162 

90553 

09447 

lOS.ia 

-('.  .1 

11 

50 

6 

49 

20 

5 

10 

44) 

y 

.79731 

9 

.89152 

9 

905781 10.09422 

10. 

10848110.20269 

10 

51 

49 

12 

10  48 

79746 

89142 

906041 
90630^ 

09396 

10858 

20254 

9 

52 

49 

4 

10  56 

79762 

89132 

09370 

10868 

20238 

8 

48 

66 

11 

4 

79778 

89122 

90656 

0'J:Vi4 

10878 

20222 

7 

54 

48 

48 

11 

12 

79793 

89112 

90682 

09313 

10888 

20207 

6 

55 

6 

48 

40 

5 

11 

20 

'J 

.79809 

9 

.89101 

9 

.90708 

10.09292 

10. 

10899110.10191 

6 

56 

48 

32 

11 

28 

79825 

89091 

90734 

09266 

10909 

20176 

4 

57 

48 

24 

11 

36 

79840 

89081 

90759 

09241 

1091!» 

(     20160!  3 

58 

48 

16 

11 

44 

79856 

89071 

90785 

0921 J 

10929 

,      201 U 

.>y 

48 

8 

n 

52 

79872 

ayofjo 

90811 

09 18  J 

10940 

20128 

1 

60 

48 

0 

12 

0 

79387 

89050 

90837 

09163 

10950 

201 13 

0 

M 

Ilourp.M. 

HourA.M. 

Co-sine. 

Sine. 

Co 

-tanj. 

'Tan|;cnt. 

Co- 

secant 

Secant. 

M 

128  Oegs. 


l>ep.  61. 


II 


.  d  by  Google 


39  Dcgs. 


TABLE  XXVII. 
Log.  Sines,  Tangents  and  Secants. 


Peg.  140. 


M  liourA.M 


0 
1 
i 
3 
4 


b 
6 
7 
B 
9 


iO 
11 
12 
13 
14 


15 

17 

18 
19 


20 
21 
22 
23 
24 


25 
26 
27 
28 
29 


30 
31 
32 
33 
34 


35 
36 
37 
38 
39 


40 
41 
42 
4.3 
4^1 


4.) 

4<; 

47 
48 
49 


50 
51 
62 
53 
64 


55 
66 
67 
53 
59 
60 


6  48 
47 
47 
47 
47 


Hourp.M.I    Sine.   I  Co-sine.  |  Tangent. 


0 

51 
44j 
36 
28 


6  47 
47 
47 
46 
46 


6  46 
46 
46 
46 
46 


20 
12 
4 

56 
48 

40 
32 
24 
16 
8 


46  0 
45  52 
45  44 
45  36 
45  28 


45 
45 
45 
44 
44 


20 
12 
4 

56 
48 


6  44 
44 
44 
41 
44 


40 
32 

24) 
16 
8 


6  44  0 
43  52 
43  44 

43  36 
43  28 


43  20 
43  12 
43  4 
42  56 
42  48 


6  42  40 
42  32 
42  24 
42  16 
42  8 


6  42  0 
41  52 
41  44 

41  36 

41  2a 


41  20 
41  12 
41  4 
40  56 
40  48 


6  40  40 
40  32 
40  24 
40  16 
40  8 
40  0 


0 
8 
16 
24 

32 


2  40 

2  48 

2  56 

3  4 
3  12 


20 
28 
36 
44 
53 


4  16 

4  24 
4  32 


4  40 
4  48 

4  56 

5  4 
5  12 


.79887 
79903 
79918 
79934 
79950 


9.79966 
79981 
79996 
80012 

80027 


9.80043 
80058 
80074 
80089 
80105 


,80120 
80136 
80151 
80166 
801K2 


,80197 
80213 
8022JJ 
80244 
80259 


5  20 

5  28 
5  36 
5  44 
5  52 


6  0 
6  8 
6  16 
6  24 
6  32 


6  40 
6  48 

6  56 

7  4 
7  12 


20 
28 


7  36 
7  44 
7  62 


0 
8 
16 


8  24 
8  32 


8  40 
8  48 

8  56 
9 

9  12 


9 
9 
9 
9 
9 
20 


SO 

28 
36 
44 
52 
0 


80274 

80290 
80305 
80320 
80336 


9.80351 
80366 
80382 
80397 
80412 


9 . 80-^28 
80443 
80453 
80473 
80489 


,80504 
80519 
80534 
80550 
80565 


,805J;0 
80595 
80610 
80625 
80641 


.80656 
80671 
80686 
80701 
80716 


9.80731 
80746 
80762 
80777 
80792 
80807 


89050 
89040 
89030 
89020 
89009 


88999 
88989 
88978 
88966 
88958 


9.88948 
88937 
88927 
88917 
88906 


,88896 
88886 
88875 
88865 
88855 


.90837 
90863 
90889 
90914 
90940 


Co-tang. 


10.09163 
09137 
09111 

090C6 
09060 


.90966 
90992 
91018 
91043 
91069 


10.09034 
09008 

08982 
08957 
08931 


91095 
91121 
91147 
91172 
91198 


9.88844 
88834 
88824 
88813 
88803 


.88793 
88782 
88772 
88761 
88751 


,91224 
91250 
91276 
91301 
91327 


,91353 
91379 
91404 
91i30 
91456 


9.88741 
83730 
88720 
88709 
88699 


88688 
88678 
88668 
88657 
88647 


9.88636 
88626 
88616 
88606 
88594 


9.88584 
8857^ 
88563 
88562 
88542 


9.91482 
91507 
91533 
91559 
91685 


,91610 
91636 
91662 
91688 
91713 


,91739 
91765 
91791 
91816 
91842 


10 


08906  1 

08879 

08863 

08828 

08802 


Secant.  Co-secanii  ? 


10. 


10950 
10960 
10970 
10980 
10991 


10. 


10. 


1100) 
11011 
11022 
11032 
11042 


10. 


08776 
08750 
08724 
08699 
08673 


10 


08647 
08621 
08596 
08570 
085U 


10 


0851 
08493 
08467 
08441 
08^161 


8J0 


10, 


08390 
08364 
08338 
08312 
08287 


10 


08261 

08235 

08209 

08184] 

08150 


9.91868 
91893 
91919 
91946 
91971 


9.88531 
88521 
88610 
88499 

88489 


M  'Houj-p.M.  HouTA.M.  Co-aine . 
139  Deg9. 


9.88478 
88468 
88467 
88447 
88436 
88426 


Sine. 


,91996 
92022 
92048 
9:073 
92099 


9.92126 
92160 
92176 
92202 
92227 


9.92263 
92279 
92304 
92330 
93366 
92381 


Co-tang^ 


10.08132 
08107 
08081 
08055 
08029 


10 


080O4I 
07978 
07963 

07927 
07901 


10.07876 
07850 
0782 
07798 
07773 


10 


,07747 
07721 
07696 
07670 
07644 
07619 


0.11052 
11063 
11073 
11083 
11094 


10 


11104 
11114 
11126 
11136 
11145 


201131 
2OO97I 
20082 1 
200<i6 
20050' 


6( 
55 
51 
5' 
5( 


10. 


200;«»'  bi 
200 1 9|  6- 
30004^  6: 
19988  6: 
19973 


10 


19967 
19942 
19926 
19911 
19896 


10 


11156 
11166 
11176 
11187 
11197 


11207 
11218 
11228 
11239 
11249 


10. 11259 
11270 
11280 
11291 
11301 


10.11312 
11322 
11332 
11343 
11353 


10.11364 
11374 
11386 
11396 
11406 


10.11416 
11427 
11437 
11448 
11468 


10.11469 
11479 
11490 
11601 
11611 


10.11522 
11632 
11543 
11563 
11664 
11676 


Tangent.  Co-secant 


10 


19880 
19864 
19849 
19834 
19818 


10.19803 
19787 
19772 
19766 
19741 


10 


19726 
19710 
19696 
19680 
19664 


10 


19619 
196341 
19618 
19603 
19588 


10.19572 
19557 
19542 
19527 
19511 


10. 


6 
4 

4 

4 

"4 
4 
4 
4 

_4 

"4 
3 
3 
3 

_3 

3 
3 
3 
3 
3 

"3 
2 
8 
2 
3 


2 

2 
2 
2 


19496 
19481 
19466 
19450 
19436 


10. 


19420 
19405 
19390 
19375 
19359 


10. 


19344 
19339 
19314 
19299 
19284 


2 
1 
1 
1 
1 


10.19269 
19264i 
19 
193 
1 
1 


40  Degs. 


TABLE  XXyiL 
Log.  Sines,  Tangents  and  Secants, 


Dep.  139. 


I 


HourA.M.  Hourp.M 


40  0 
39  51 
39  44 
39  36 
39  28 


6  39  20 
39  12 
39  4 
38  56 

38  48 


6  38  40 
38  32 
38  24 
38 

38 


16 
8 


38  0^ 
37  52 
37  44 
37  36 
37  28 


37  20 
37  12 
37  4 
36  56 
36  48 


6  36  40 
36  32 
36  24 
36 

36 


16 

8 


20 
20 
20 
20 
20 


Sine.  Co-!siiie. 


0 
8 
16 
24 
32 


20 
20 
20 
21 
21 


40 
48 
56 
4 
12 


5  21 
21 
21 
21 
21 


20 
28 
36 
44 
52 


22 
22 
22 
22 
22 


0 
8 
16 
241 
32 


22 
22 

22 
23 
23 


40 

48 
56 
4 
12 


36 
35 
35 
3d 

35 


0 
52 
44 

36 
28 


6  36 
35 

35 
3^1 
34 


20 
12 
4 

56 
48 


34  40 
34  32 
34  241 

34  16 
34  8 


6  23 
23 
23 
23 
23 


20 
28 
36 
44 
52 


5  24 
24 
24 
24 

24 


0 
8 
16 
24 

32 


9.U0«07 
80822 
80837 
80862 
80867 


9.80h82 
80897 
80912 
80927 
80942 


y.88Vi5 
8^^415 
884^)4 
88394 
88383 


9.88372 
88362 
88351 
88340 
88330 


9.80957 
80972 
80987 
81002 
81017 


.H10.32 
81047 
81061 
81076 
810;»1 


9.8BJ19 
88308 
88298 
88287 
88276 


.88266 
88265 
88244 

88234 
88223 


Tani'.M  t  I  Co-tang-l  Secant. 


9.l»-.' 


92407 
92433 
92458 
92484 


9. 92510 
92535 


i»JG63 
92689 
92715 
92740 


9.81106 
81121 
81136 
81151 
81166 


9.81 180 
81195 
81210 
81226 

8!  .'4'» 


.83212 
88201 
88191 
88180 
88169 


,88158 
88148 
88137 
88126 
88115 


6  24 

24 
24 
25 

25 


40 
48 

56 
4 
12 


34  0 

33  52 
33  44 
33  36 
33  28 


33  20 
33  12 
33  4 
32  56 
32  48 


32  40 
32  32 

32  24 
32  16 
32  8 
32  0 


25 
25 
25 
25 
25 
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02839 
08807 


13623 
18634 


10.13646110 

13658 
13670 
1368S 
18694 


M 


6638 

6608 

6595 
6581 
6568 


66641 
6541 

6527 
65J4 
6600 


10 

11 
12 
13 
14 


15 
16 
17 
18 
19 


6  14  401 

14  32 
11  24 
14  16 
U  8 


14  Ot 

13  52 
13  44 
13  36 
16  88 


6  46  S 

45  28 
45  36 
45  44 
45  58 


5  46  6 

4«  8 

4n  16 

46  24 
46  38 


9.88518 

83527 
83540 
83654 
88567 


9.88581 

85594 
83608 
83621 


9.86896 

36 'J  83 
86271 
86259 
86847 


9.868851 

36223 
86211 
86200 
86188 


9.9T9I9I10.06781 

08756 
02731 
08705 


97214 
97269 
97295 
97880 


10.18706 

13717 
13729 
13741 
187531 


10 


6487 

6473 
6160 
6446 
6433 


9.99846 10.08655 10. 13765 

97371      02629  1377 
97396      02604  13789 
97421      02679  13800 
91447     085531  13818 


10 


6419 
6406 
6392 
6379 
6866 


20 
21 
22 
23 
84 


85 

26 
27 
88 
89 


30 
31 
38 
S3 
34 


36 
36 
37 
38 
39 


40 
41 
42 
43 
44 


45 
46 

47 
48 
49 


60 
61 
62 
53 
64 


66 
56 
57 
68 
59 
60 


M 


6  13  801 

13  12 
13  4 
12  56 
18  48 


18  401 

18  32 
12  24 
12  16 

19  8 


18 

11 
11 
11 
11 


0( 

52 
44 
36 


12 


11 

11 
11  4 
10  56 
10  48 


10  401 

10  32 
10  24 
10  16 
10  8l 


546  40 

46  48 

46  56 

47  4 
49  18 


9.88648 

83C61 
83674 
83688 
83701 


9.86I';B 

86164 
86152 
86140 
86188 


9.97478110 

97497 
975J3 
97548 
97873 


.08688 

02503 
02477 
02452 
084871 


10.13824110 

13836 
13848 
13860 
13878 


6352 
6:i:l9 
632ti 
63 1  i: 
6299 


47  80  9.83715 

47  28  83728 

47  36  83741 

47  44  83755 

47  58  88768 


9.86116 

86104 

86092 
86080 


9.9759610 
99684 

97649 
97674 
97700 


.08406 

08876 

02351 

02326 


10.18884110 

13896 
13908 
13920 
13932 


6885 

6272 
6259 
6245 
6:^32 


5  48  0 

48  8; 

48  16 
48  24 
48  38 


5  46  40 

48  48 

48  56 

49  4 
49  18 


5  49  80 

49  28 
49  36 
49  44 
49  58 


10  01 

9  52 
9  44 
9  36 
9  88 


926 
9  12 
9  4 
8  66 
8  48 


8  401 
8  32 
8  24 
8  16 
8  8 
8  0 


60 

50 
50  16 
60  24 


60  48 

50  56 

51  4 

61  18 


51  20 

61  28 

51  36 
61  44 
61  58 

52  0 


9.88781 

83795 
83808 
83821 
888341 


9.806461 

83861 
83874 
83887 


9.86056 

86044 

8G032 
86020 


9.97785 

97750 
97776 
97801 
97886 


10. 


02224 
02199 
081741 


10.13944 

.  •  13956 
13968 
13980 
13998 


10 


6219 

6205 
6192 
6179 
6166 


85984 
85972 
869601 


9.97851 

97877 
97902 
97927 
999631 


10.08149110 

02123 
02098 
02073 
08047 


9.83914 

83927 
83940 
83954 
88967 


9*88960 

83993 
84006 
84020 
84033 


9.86936 

85924 
85912 
86900 


9.97978 15T08088 

98003  01997 
98029  01971 
980541  01846 
98079  01981 


9.84046 

84059 
84072 
94085 


9.84119 

84125 
84138 
84161 
84164) 

84177 


Hourp.si.  HourA.M.I  Co^sine. 


9.85676 

05864 
85851 
85839 
856871 


9.961(N  10.01896 


98130 
98155 
98180 
96806 


9.86615 

85803 
86791 
85779 
857661 


9.96831 

98256 
98281 
98307 


9.85754 

85742 
85730 
86718 
65906 
85698 ^ 


01870 
0I.S45 
01820 
0179^ 


9.96SS7 10.01643  10. 14246  10 


98383 
98408 
98433 
98468 


Sine. 


Cojssg. 


01617 
01592 
01567 
01542 
01616 


.14004  10 

14016 
14028 
14040 
14008 


10.140641 

14076 
14088 
14100 
14118 


10.14124 

14136 
14149 
14161 
14173 


10.01769 10.14186 

01744  14197 
01719  14209 
01693  14221 
01668  142341 


14258 
14270 
14282 
14294 
14307 


61621 

6139 
6126 
6113 
6099 


10 


6S86 

6073 
6U60 
6046 
6033 


10 


6020 

6007 
5994 
6980 
5967 


10. 


59641 

5941 
6928 
6915 
6902 


6888 
5875 
5862 
6849 
5836 
5823 


by  Google 
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TABLE  XXVII. 
Log.  Sines,  Tangents  and  Secants. 


M  IHOUTA-M 


0 
1 
2 
3 
4 


IT 


6 
6 
7 

8 
U 


10 
11 

12 
13 
U 


15 
1G 
17 
IR 
19 


20 
21 

23 
24 


25 
26 
27 

28 
29 


30 
31 
32 
33 
34 


35 

r)b 

•67 
31 


40 
41 

42 
4J 
44 


45 

46 
47 
48 
49 


61 
5% 
53 
54 

.^5 
56 
37 
53 
69 
60 


8  0 

7  52 
7  44 
7  36 
7  28 


7  20 
7  12 
7  4 
6  56 
6  48 


6  40 
6  32 

6  16 

6  8 


6  0 
6  52 
6  44 

6  36 
5  28 


5 
5 
5 
4 
4 


20 
12 
4 

56 

48 


4  40 
4  32 
4  24 
4  J6 
4  8 


6  4 


0 
3  52 
3  44 
3  36 
3  28 


3  20 
3  12 
3  4 
S  66 
2  48 


2  40 
2  32 
2  24 
2  16 
i  8 


2  01 

1  52 

1  44j 

1  36 

1  28 


6  1  20 
1  12 
1  4 
0  56 

_  0^  4S 

6  0  40 
0  32 

0  21 
0  16 
0  8 
0  0 


Hour  p.  M 


suit'. 


5  62 
52 
52  16 
62  24 
5S  32 


5  5t  40|  9.84S4t  9.8663S  9.98610 10.01S90I10. 

52  48  84255  85620  98635  01365 
52  56  84269  85608  98661  01339 
63  4  84282  85696  98686  01314 
58  ISI     84t9A|     88688     98711  01289 


5  68  sol 

63  28 
63  36 
53  44 

53  52 


5 


5^1 
54 

54 
54 
54 


0 
8 

IG 
24 
32 


5  54  40 
54  48 
64  66 

4 
12 


ho 


55  20 
55  28 
65  86 

55  44 

55  52 


56 
56 
66  16 
56  24 
66  SSI 


5  56  40 
56  48 
60  56 
67  41 
67  12 


5 


57  20 
57  2h 
57  36 
67  44 
67  62 


01 

8 


58 

58 
58  ir, 
68  24 
58  32 


9.84177 
84l90i 
84203 
84216 
842291 


9*84808 

84321 
84334 
84347 

84360 


.84373 
84885 

84U1 
84421 


.84437 
84460 

84463 

84476 
81489 


9 . 84502 
84515 
845C8 

81540 
84553 


. 84566 
84679 
84692 
84605 
84618 


9.84680 
84643 
84666 
84669 
84682 


9-;il691 
J!1707 
ii4720 
84788 
847lo' 


Co-sine.  jXangent. 


.85693 
85681 
85669 
85657 
856461 


Co-tang. 


9.86671 

85559 

85517 
85534 
85522 


9.B5510 
86497 

85485 
85173 
S5160 


9.85448 
85486 

86423 
85411 

C5399 


9 . 85386 
85374 
85J61 

n53-i9 

85337 


9.85324 
85312 
86299 
8528 
85t74| 


9.86262 
85250 
85237 
85225 

85212 


5  58  40  9.84822 


58 
58 
69 
59 


1 
56 
4 
12 


6  69  20 
69  28 

59  36 
59  U 
59  i)i 
6    0  0 


9.84758 

34771 
JUT  HI 
i;4796 
848091 


.85200 
85187 
86175 
85162 
85150 


81835 
81817 
84860 
84873 


9.84886 
84898 
84911 
84923 
84936 
849481 


IloiirA.«.l  Co-iiae.  I  Sim. 


9. 86137 
85125 
H5I12 
85100 
85087 


9.85074 

85062 
{:5049 
85037 
85024 


9.86012 
84999 

84986 
84971 
84961 


.98484 
98509 
98534 
98660 
98585 


.98737 
98762 

98787 

98812 


.98863 
96888 

08913 
93939 
989641 


9.98989 
99016 
99040 

99065 
99090 


99116 
99141 

99191 
99217 


9 . 99242 
99267 
99293 
99818 
99348 


9.99368 
99394 
99419 
99^44 

09169 


.  99195 
99520 
99545 
99570 


.99621 

99646 
99672 
99697 
997£tf 


.9974'r 

99773 
99798 
99823 
99848 


9.99874 
99899 
99924 
99949 
99975 
10.00000 


10.01616 
01191 
01  Ui6 
01440 
01415 


Secant 


10 


10.01268 
01288 

01213 
01188 
01162 


10. 


10.01137 

oinsi 

01087 

01061 
01036 


10.01011 
00985 
00960 

00935 
00910 


10 


10 


10.00884 
00859 
008841 

00009 
00783 


10.00758 
00733 
00707 
00682 
00659 


10.006.12 
00606 
00681 
00666 


10.00505 
00480 
00455 
00480 
00404 


10.00379 10 

00351 
00328 
00303 
00S78 


10.00t53|l0 

00227 

00202 
00177 
00152 


10 


10 


10 


10 


lU.0Ui26  10 
00101 

00076 
00051 
00026 


4307 

4319 
4331 
4343 
14855 


C»iBClBtl 

10.16828 


135. 


15810 
15797 
16784) 
15771 


436810.15758 


4380 
4392 
4404] 
4417 


4429 
4441 

1453 
1466 
4178 


16745J 
15731 
15718 
16705 


10.15692 
15679 

15666 

15610 


60 

59 
68 
67 


55 
64 
53 
62 
61 


60 
49 

48 
47 
46 


4490 
4503 

1615 
4527 
15 10 

1552 
4664j 
4677 

4589 
1601 

leu 

4626 
4639 

4651 

4663 


10.156271  46 
156ld  44 

15602  43 
15339!  42 
15576  41 


10  15563 
16660 


15637  3t 


15321 


40 
39 


1676 
4688 
4701 
4713 
4726 


.i6 


10. 151  Li 
15485 
15471 

15160 
15447 


10.164341 
15421 
15408 


4738 
1730 
4763 
4776 

I7h'8 


4800 
4813 
4826 
4838 
48601 


1373 

i:;;:n 
4900 
4913 


4926 

4938 
4951 

4963 
4976 


4988 
8001 

5014 
5026 
6039 
5061 


16382 


10 


153701 

16^ 
15331 

13313 


.^3 
31 
38 

3J 
31 


30 
29 
28 
ff 
26 


26 
24 
23 
S2 
21 


10. 


16306 
15293 
15280 
16267 
15858 


4863110. 15MI 

15229 
1.WI6 
16201 
15191 


10.16178 
15166 

15153 
15110 
15127 


10.15115  5 
15101  4 


20 
19 
18 
17 
16 


U 

14 
13 
12 
II 


10 

9 

8 
7 

6 


15089 
15077 
160641 
15051 


1 


1 
J 


37 
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Table  XXVIII.  For  reducing  the  time  of  the  Moon's 
passagp  over  the  Meridiiin  of  (ireenwich  to  the  Time 
of  its  passajjje  over  any  other  Meridian. 

The  numbers  taken  trom  this  Table  are  to  be  added  to 
the  Time  at  (ireenwich  in  West  Longitude,  but  sub- 
tracted in  East. 


Dtflyntriationol'tlie  Moon'i  paiiiiig  the  fiieridiaii. 


D«ltConiJ)altCorr 
I  Deg.  Min.  Deg 


Sh's 

1 

/ 

1 

Lon. 

40  < 

*2 

U 

16  ' 

is 

M)  \ 

56 

58 

SO 

62  ( 

>4  ( 

S6  ] 

Lon. 

c 

1 

1 

/  i 

/ 

/ 

/ 

/ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

1 

1 

1 

I 

1 

1 

1 

1 

1 

] 

1 

1 

■ 

1 

] 

5 

10 

1 

1 

1 

1 

1 

I 

1 

1 

0 

2 

2 

2 

2 

2 

10 

15 

2 

2 

2 

2 

2 

2 

A* 

.1* 

0 

3 

3 

3 

15 

20 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

20 

25 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

5 

25 

30 

3 

3 

4 

4 

4  1 

4 

4 

5 

5 

5 

5 

5 

30 

3o 

4' 

4 

4 

4 

5 

5 

~b 

5 

(i 

IT 

7; 

G 

35 

40 

4 

5 

5 

5 

5 

6 

6 

6 

6 

6 

7 

7 

7 

7 

40 

45 

5 

5 

5 

6 

6 

6 

6 

7 

7 

7 

7 

8 

8 

45 

50 

6 

6 

6 

6 

7 

7 

7 

7 

8 

8 

8 

I  9 

9 

50 

55 

6 

6 

7 

7 

7 

8 

8 

8 

9 

9 

9 

9 

10 

10 

55 

GO 

7' 

7 

^ 

8 

8 

8 

9 

9 

T 

uT 

To" 

To" 

m" 

iT 

60 

65 

«^ 

/ 

8 

a 

8 

9 

9 

9 

10 

10 

10 

11 

11 

12 

12 

65 

70 

8 

8 

9 

9 

9 

10 

10 

10 

11 

11 

12 

12 

12 

13 

70 

75 

8 

9 

9 

10 

10 

10 

11 

11 

12 

12 

12 

13 

13 

14 

75 

80 

9 

9 

10 

10 

11 

11 

12 

12 

12 

13 

13 

14 

14 

15 

CO 

85 

9 

10" 

10 

11 

12 

12 

13 

13 

14 

rr 

I5~ 

15 

16 

85 

90 

10 

10 

11 

11 

12 

12 

13 

13 

14 

14 

15 

15 

16 

16 

90 

95 

11 

11 

1  ^ 

13 

14 

14 

15 

If, 

16 

1  / 

1  / 

90 

100 

11 

12 

12 

13 

13 

14 

14 

15 

16 

16 

17 

17 

18 

\?, 

100 

105 

12 

12 

13 

13 

14 

15 

15 

16 

16 

17 

17 

18 

19 

19 

105 

110 

12 

13 

13 

FT 

15 

15 

16~ 

T7~ 

'18 

13' 

W 

20 

20 

110 

116 

IS 

13 

14 

15 

15 

16 

17 

17 

18 

19 

19 

20 

20 

21 

115 

120 

13 

14 

15 

15 

16 

17 

17 

18 

19 

19 

20 

21 

21 

12D 

W 

15 

15 

16 

17 

17 

18 

19 

19 

'20 

21 

22 

23 

125 

1.50 

14 

115 

ir, 

17 

17 

18 

19 

19 

20 

21 

22 

22 

23 

24 

130 

"l35 

I5~ 

i!f 

:i.; 

17 

Ti" 

uT' 

19 

20 

21" 

<*«» 

22" 

23 

24 

25" 

135 

IW 

iG 

•  f  < 

]17 

la 

19 

19 

20 

21 

«  ^ 

23 

23 

24 

25 

26 

140 

145 

16 

17 

18 

[19 

19 

20 

21 

22 

23 

.23 

26 

27 

145 

150 

17 

17 

,18 

il9 

20 

00 

22 

23 

24 

25 

26 

27 

27 

150 

155 

17 

!l8 

19 

|:o 

2! 

23 

24 

25 

26 

27 

28 

28 

155 

~m 

18 

19 

20" 

7f 

> ) 

'Z\ 

25 

26 

27 

"2r 

2S 

29 

160 

ir.;! 

18 

Ui 

20 

2o 

24 

25 

26 

.27 

27 

28 

29 

30 

165 

17(] 

19 

20 

il 

23 

24 

25 

25 

26 

27 

28  29 

30 

31 

170 

175 

»  19  |20 

21 

23 

24 

25 

2G 

27 

28 

29 

30 

31 

32 

175 

ISC 

(20  21 

23 

24 

25 

26 

27 

28 

29 

'30 

31 

32 

33 

180 

|40'i42' 

46' 

4^/ 

62' 

64^ 

66" 

Table  XXIX. '  j 
Correction  ol] 
moon's  altitude 
forParallaxand 
Refraction. 


Mill, 


i 

4  i 


• 
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K)  .  .TABL£  XXX. 

'oritdncing  the  Moon's  Decliufeteit  Uf^nn  in  the  Nautical  Almanac  for  NooB  and 
MUplgfat  at  Greenwich,  to  any  other  time  under  any  other  Meridian.  


Tira« 

Variation  of  the  Moon's  Declination  in 

twelve  Hours. 

Time 

from 

o — 7 

o  / 

o  / 

O      /|0      /lO  / 

o  / 

o  t 

o  / 

O  9 

0  6 

n  tn 

0  25 

0  30 

0  35 

0  40 

0  46|0  fiO 

0  55 

1  0 

1  h 

Oh  (y 

(y 

<K 

0' 

0' 

O' 

O' 

(y 

(r 

at 

V 

A/ 

v 

ISh  V 

0  IS 

0 

If 

A 
V 

A 
w 

0 

0 

1 

1 

t 
1 

1 

1 

] 

0  1 

It  12 

0  24 

0 

n 

0 

1 

1 

1 

1 

1 

1 

*t 

m 

0  2 

12  24 

0  96 

0 

VF 

1 

1 

A 

1 

1 

2 

2 

• 

Z 

m 

Z 

3 

3 

0  3 

12  36 

0  48 

0 

1 
I 

1 

1 

2 

2 

s 

3 

3 

3 

4 

4 

0  4 

IS  46 

1   0   1  0 

1 

2 

2 

2 

3 

3 

4 

A 

5 

5 

0  6 

13  0 

1  12 

0 

J 

1 
1 

• 

z 

2 

3 

3 

4 

c 

a 

6 

0  6 

13  IS 

1  24 

} 

2 

3 

3 

4 

5 

0 

0 

6 

7 

0  8 

13  24 

} 

«» 

AT 

•J 

3 

4 

5 

5 

o 

7 

7 

8 

0  9 

13  36 

1  48 

J 

4 

4 

6 

6 

7 

7 

8 

9 

0  10 

IS  48 

S  0 

1 

• 

9 

4 

6 

6 

7 

7 

n 

9 

10 

0  11 

14  0 

A    a  o 

S  12 

« 

5 

5 

6 

7 

ff 

n 
O 

<i 
li 

10 

1 1 

0  \i 

14  12 

2  "4 
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9 
a 
a 

i» 

Y 
c 

a 


a 

i 

$ 


Names  of  Stars. 


Mag. 


PegOBi  9lgenib ... 

Andromeda; . .  Alpheralz  . 

PiMtum  

Arietis   

Ceti  JtfmJkar... 

Pleiadum  JUcymt.*^ 

Tauri  

i  auri  

lauri   Alpebahan 

Ononis  Rifi^l  < 


CaptUa 


Aurigae.... 
Ohonb .... 

Tauri  

Ononis  

'  'rionis...  •  

fuiri  

jnis  BeUlguese 

<jcmiaorum  

( rtmiiioruin   ••  •• 

(jeroitiorum  


•  •••••  . 


Geminotuin  

Cnni^  Majorb  !>thiu*»< 
*        oruro  .«•••••. . . 

Uemiiiorum  

Gemioorum  Castor 
Geminoram  Pollux 
Cania  Minoris  Procyon. 

2  Cancri  Icubens 

(lydrc  Alphard 

Leonis  


Leonis  

$  Leonis  

^  Vii^inis  

n  Virginia  

y  \  irginis   

a  Virginia  

a  Rootis   

a  Coronz  Bor.. 

a  *2  Librx  

Serpcntia  «»»» 


Reoulus. 
Denebola, 


.SriCA....  • 

.  Jlrctums  . , 
.Alphucca  .. 
Zubtnesck. 


Librx  . 
^r-corpii 
Scorpii 
^corpii 
.Scorpii  .. 
Scorpii  .. 
Ophiuclii* 
Opbiucbi 
Sagittarii 
Lyrag  ♦.. 


•  •  •  • •< 


. • •••• 


Antarcm  ... 
Mas  Mague. 

yvVsa\y.'.v.\ 


0 


I 

r 

a 

!a 

I: 


>agittaru  .  • . 

A({uile  

Aquile  

Aquflc  

2  Capricomi 
Capnconi  *  > 
Capricomi . . 
Capricomi  •• 

Aquarii  

Pisca.  Aust.. 

C>gni  

Pqfasi  


Atair  . 


....••••••*••••••••••' 


Fomalhaut 

Dcneb  

Markab*.  .. 


2 

0.  6.38.48 

2 

0.11.48.  b 

4  3 

0  24  18  10 

2.3 

1.  5.  8.44 

2 

1.11.48.18 

3 

1.27.28.30 

3 

2.  3.16.52 

2.  5.56.33 

1 

2.  7.16.23 

1 

2.14.18.1' 

1 

2 

2 
2 
2 
3 
1 

3.4 
3 
2.3 


3 
1 

3.4 
3 

1.2 
2 

1.2 

4.3 
2 

3.4 


Longitude. 


Ann.  \  ur. 
lalt.  1620. 


2.19.20. 
2.19.60. 
2.20.  3.36 
2.20  57.  1 
2.22.10.  4 
2.22.16.10 
2.26.14.20 
3.  0.55.32 
3.  2.46.52 
3.  6.35.13 


1 

1.2 
3 

4.3 
3 
I 
1 

2.3 
2.3 
2.3 


3.4 

2.3 

3.2 

3 

S 

1 

3 
o 

3 
1 


3.4 

3 
1.2 
3 
3 
3 
4.3 
3 
3 
1 

l.St 

2 


3.  7.25.24 
3.11.36.34 
3.12.28.30 
3.16.  0.21 
3.17.44.  2 
3.20.43.51 
3.23. 18.48 
4.11.  7  30 
4.24.46.30 
4.25.23.18 


4.27.19.34 
5.19.  7.31 
5.24.35.54 
6.  2.  J 9.20 

6.  7.39.42 
6,21.19.44 
6.21.43.30 

7.  9.45.  7 
7.12.34.26 
7.19.3J.40 


7.22.37.  5 

7.  «S.  36.38 
9.  0.  3.22 

8.  0.25.27 

8.  0.40.27 
8..  7. 14.. 54 
3.18.32.48 
8.19.5  ).23 

9.  9.52.  9 
9.12.47.19 


9.13.44.18 
9.28. 25.48 
9.29.14.10 
9.29. 5').  1 3 
10.  1.20.30 

10.  1.31.62 
10.19.16.  3 
10.21.  1.  7 

11.  0.50.36 
11.  1.19.32 
11.  S.51.16 
11.20.58.44 


50.09 
49.98 
50.16 
60.27 
50.27 
50.18 
50.21 
50.20 
50.21 
r.0.24 


0.19 
..0.20 
50.20 
60.20 
50. -.iO 
50.i;0 
50.19 
50.20 
50.20 
50.18 


50  80 
60.07 
50.19 
o0.2U 
50.23 
49.50 
50.12 
50.10 
50.02 
.50.23 


49.94 
60.30 

50.20 
50.21 
50.00 
50.08 
50.45 
50.51 
50.20 
.'iO.32 


50.22 
50.18 
50.19 
60.18 
50.20 
50.12 
50.20 
50.21 
50.21 
49.89 


50.19 
50.03 
50.79 
50.05 
50.15 
50.17 
50.21 
50.21 

'0  1  1 

49.42 
50.11 


Latitude. 


1 2.35.42  N 
23.41.  7N. 

5.22.  2N. 

9.57..33  N. 
12.35.44  S. 

4.  2.  3N. 

5.45.  1  S. 

2.35.  6  S. 

5.28.44  8. 
31.  8.44  S. 


■ii2.52.l2  N. 
ti3.34.34  b 

5.22  26  N. 
24.31.43  S. 
25.lvS.56  S. 

2.13.  0  S. 
16.  3.  4  S. 

0.54.33  S. 

Q.-fO.  4 

6.45.41  8. 


2.  2.55  N. 
39.22.31  - 

2.  3.36  S. 

0.11.54  S. 
10.  5.  ON. 

6.40.17  N. 
15.57.47  b. 

5»  3*39  ^« 
22.23.38  S. 

4.51. 19N. 


0.27.39  N 
12  17.10  N. 

0.41.32  N. 

1.22.23  N. 

2.48.43  N. 

2.  2.20  S. 
30.54.  ON. 
44.20.46  N. 

0.21.29  N. 
25.31.31  N. 


4.  24.24  N. 

5.27.45  S 

1.57.38  8. 

.'i.26.59  9. 

1.  1.57  N. 

4.32.41  S 

1.49.  1  8. 
35.52.26  N. 

3.25.18  .S. 
61.44.26  N. 


1.27.46  N. 

31.15.43  N. 
29.18.45  N. 
26.42.32  N. 

6.5f>.69N. 

4.36.32  N. 

2.32.15  S. 

2.33.49  S. 
10.40.16  N. 

1 .  6.40  S. 
59.64.57  N. 

19.24.44  N. 


Ann.^  tir. 
aft,  Ib^O. 
"17  ' 

4-0.12 

-to.  16 

-fP.25 

-fO.iO 

—0.37 

-fO.43 

—0.45 

—0.4b 

—0.33- 

—0.47 

+0.48 
—0.48 
-1-0.48 

^§ 

— 0. 18 
—0.48 

—0.48 
—0.47 
—0.47 


4-0.46 

—0.45 

— 0.45 

—0.44 

-fU.43 

-f-0.26 

—0.41 

—0.31 

— 0.22i 

-fO.22 

+0.22 
+0.03 
—0.02 
—0.18 
—0.13 
+0.17 
—0.24 
—0.35 
— 0..37 
—0.40 

—0  42 
+0.44 
+0.44 
+0.45 
—0.45 
+0.42 
+0.43 
—0.48 
+0.46 
—0.45 

—0.45 

—0.39 

+0.08 

—0.38 

—0.37 

—0.37 

+0.26 

+0.25 

—0.13 

+«'.2l 

—0.16 

+0.10 


1 
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3.  Vi.Sl  O.i! 


12 

IG 
18 
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IT 
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9.?9.<J 
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'iti 


(i2 

6B 
70 
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74 

7H 
78 

J,:0 


0.37.8 

0.  54.3 

1.  7.7 
I  .  17. P. 
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1 .2JJ.4 

I  .ti5.r 


5.1 
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5.9 

i.ia.n  6.2 


1  .  ii  .  « 
0 . 55 .  i'} 
0.39.3 


58'10.19.9 


9./i7.4 


7.<" 


y .    .  u 

9.  3.8 


9.1 

: 

(  9.G 
G.  ' 

*r41 .0  10. 1 
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0.(1 
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uuion  a      ■  .i'iing  nrxt*?  wai  1  is.zb  •    in<  equation  of  Uir  pqiiiiioxc<»  was  -f*  I'  •  2. 
I    The  rorrerlion  in  Tahic  XLI.  corresponding  to  Uie  Argument  ot"  lionpitude  hcinif  fbartd, 


1  I 


■d  to  the  log.  accant  (leas  radius)  of  the  star's 


l.-ilitudc  uill  b. 

(Olon;;.  .-^^  23^46' 
jfChmt;.  11.20. 59  • 

|Argr.lnu?.4.  2!47T 
Laiiludc  I 

!^fr'A^K'^^.  lonj.-l-  ij 


> '  <'  applied  with  its  ^'"u  tf  ili.-  mr- m  ' 
iinj^toihc  Ar^ 
'  flif  star  in  latiituU,  lo  ba  applieil  \« 


K(_4iiired  ihe  Aberration  of  a  Pegasi,  Juh  4<-,  lS20f 


h  10".  8  log.  1 .03542  Arg.  lat.  1».  t^.  47'  Tab.  41—  1 
Sec.  0.02,Si3 


II  be  the  lofr.  of  the  Mn 

I  lh»  »l 
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Log..*1.05885    late  A^  >-  T  t 


Part  1 


TABLE  XLII. 
Aberration  in  Ri^ht  Ascension  and  Declination. 
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Arg.  R.  A.=:i  K  A.  —  0  Long. 
Arg.  I>oc=Arg.R.  A.-|-;i  ftgps. 


Part  II. 
Ar.R.A.=  *  R.A.4-0I^n. 
Ar .  L)ec.=  Arg.  R.  A-4-3signg.j 


ArtclDcc: 


Part  Iir. 

:0Ion-f5fcl)oc 
:01on~:^cDcc 

1.  7.  5». 


5  III'.  .  J.S. 


1" 

1 

I 

1 

1 

1 


B. 
+ 

99 

87 
81 

75 

68 


29 
S8 
27'' 
26 


1  .f 

I  .ill ' 
1  .49 

1  .36 

22, 

91 

20 

1  .30 

I  .23 

1  .10 
1  in 

1  .03 

18 
17 

idi 

1 0 .) 

15' 

0  .90 
0  .90 
0  .83 
0  .70 
0  .09 

14! 
13, 
12 

10 

0  .02 
0  .55 
0  .49 
0  .42 
0  .35 

8 

I 

0  .28 
0  .21 
0  .14 
0  .07 
0  .00 

4 

3 

t 

—  H- 
9.  3. 

To  find  the.  Aherralion  of  a  Star  in  Right  .Ascension. — Find  the  Equations  in  Part  I.  and  0 
correjtpondinp  to  the  arj^Mmentsof  R.  A.  at  the  top  of  those  tn!»lt's,  and  connect  them  acl 
r  to  iheir  signs,  and  to  the  lofj.  of  this  sum  or  difference  add  tlie  log.  secant  (less  ra 

of  (he  star's  ueclination,  llie  sum  will  be  the  Ior.  of  the  a!)erration  in  Right  .\scen3i0i 
io  seconds  of  a  degree,  which  divided  hy  15  %\ili  be  reduced  to  time,  to  be  applied  to  tiM 
mean  R.  A.  J 
To  find  the  Ahfjratinn  of  a  Star  in  Declination. — Increase  the  former  arguments  of  R.  A 
by  3  signs,  and  connect  together  the  corresponding  equations  of  Part  I.  and  11.  to  the  log.  d 
which  add  the  log.  sine  otthe  jjc's  declination,  the  sum  will  be  the  log.  of  arch  1st.  Wit) 
the  arguments  at  the  top  of  Part  III.  find  i;i  that  Table  >  '  ^.d  and  3d.  These  three  arcb^ 
.1  rvd  wiLli  their  signs  \vill  be  the  al)cn'atjon  in  dc*  iii...uon,  to  be  applied  to  the  meal 
<i(  lon.  i 
Kx  AHPLK.  Required  the  Aberration  in  R.  A.  and  Dec.  of  a  Pegasi,  July  10,  13^20  ?  ' 
Bvlable8.*R-A.=:i2b.55'  48''=ll».13o.57'.  j^cDcc.l  l'^  M'  N.  and  by  .\.A.©long  35.23^415 
:^cR.A.in  n"r»7'  J 

0lun.    ,  * 


lb 


Diff.     7.  20.  11  Part  I.  -f  12."27 
3    7.  4.3  Part  II.—  0.  11 


-f  12.  16  log.  1.0fi493 
5jc  Decl.  14c  14'  sec.  0.01354 


5|C  AlKr.  R.  A.  + 12''.  5 


log.  1.09847 


n 


u>  ?ff  ir  Pti.  —  1 1' 
7     Pill.—  (' 


Arch  1st  —  y'-S: 


log.  0.53a 


*Ab  i'R  \.inUineO".83    0long-i-  *  Dec4s.80.  0' Arch  2<l  4- 5.  45  M  UV>  r}  U  S  n.l.lRs.j 

©long  —  sSc  Dcc3.  9.  32  Arch  3d  +0.  60  J  \  iL.  .11 


9|c  Aberr.  in  Declination  —  0.  71 


46  TABLE  XLIII. 

Nutation  in  Kigbt  Ascension  and  Declination  to  be  applied  to  the  mean  valim. 


Part  I.  • 

rg.  R.  A  :=-5^  R  A.  —  Low. })  node 
-j-  (i  ^iftt*    Dec.  is  S. 
r^.  Dec.  z=  Arp.  R.  A.  -}-  3  sifrns 


Arg^.R.  A 
Arg.  Dec. 


Part  U.  , 
=:4cR..\.-f  Ion.  J>  nodcj 
4- 6  si^ns  i  r  Dec.  is  S . 
=  Arg.  ft.  A  4-  3  sign* 


Part  UL 

Eqoaiiou  Exjoinoxn  in  R.A 
An.  =  l^o«g.  3)  modeSl 


To  find  the  Mutation  of  a  Star  in  Eight  Jlsrnision.—F'wd  in  Parts  I.  II.  the 
jn^sponding  to  the  jtrguraents  of  R.  A.  at  the  top  of  tlie  tables,  connect  tbcm 
>  the  signs,  and  to  the  log.  of  the  sum  or  dilTerence  add  the  log.  tangent  of  the  star*! 
liiiution,  the  sum  will  be  the  log.  of  an  arch,  to  which  apply  the  equation  of  the  c 
oxes,  Part  III.  coiTes|)ondinp  to  (he  long,  of  the  3)'s  node  (i>age  3,  N.  A  )  the  sum  or 
Tcnce  will  }»e  the  Nutation  in  Hi^ht  Ascension  in  seconds  of  a  degree,  which  divided 
3  w  ill  be  reduced  to  seconds  of  time. 

To  find  the  M\itatxon  of  a  Star  in  Dtrlinalion. — Increase  the  arguments  of  R  A  Parts  I 
.  by  3  si^ns,  and  connect  the  correspondine  conations  of  tliose  tables,  \-  '  I  be  " 

Jtntion  of  declination.    -Vo/tf.    In  pulling  the  R  A.  of  the  star  equal  to    .^^ij-,  iUe 
on  in  decrmalion  will  be  the  equation  oflht  obii(/uity  of  the  edivlic. 

Example.    Required  the  Nutation  of  a  Pegasi,  in  R,  A.  and  DecK  July  16, 1820  ? 
:R.A.Tab.8 

>>«!.  >.  A  ll.  26.  0 


D.iV.  11.  17.57  Part  I.— 8'^  15 
Sum         11.    9.57  PartU.—l.  15 


—9.  30log0.<)6848 
JiC  iJecliaaiioa  14^  U'  tang.  9.40125 

Arch 


Difl-.-f3s=  2s,  17057' Fan  l.~l//74 
Suin4-3s=i.   9. 57  Part  II.—  42 


Nut.  io  Dec. 


-S  J6 


 :   6s,— ]>Node=l^.  4d.     Pari  f  44 'Jl 

—  2//.4  Iog0.37i73^   6s.-f })  Node=6s.  26d.     P:u  t  If  4-1.  iS 

irilllEq.  Arg.  Us.  20  .0^  -f  1  \    

Nuuiion  io  Righi  .\iocn«ion  ^  H  3=— O'lofi.l  Equal.  0»»i>4.  i.dipi,  55, 

It  the  Oeclintition  of  the  Star  was  south,  the  arguments  Part  I.  U.  of  Riphl  Ascwiinoi 
?clinalion  must  be  i,ncrenfed  6  ^igns. 


I(  HI 


^le 


TABLE  XLIV. 


Fart  I. 
Arg.  =  Ah.  nona  -f-  ap.  di>i.([ 

from  Qooa. 
=AH.  nona.  —  Rp.  disi.(J 
froni  Dooau 


U.  fi.i  I.  8. 


0  O."00  4/'09  7.''09lo" 
«  0.  I4j4.  22,7.  16'  29 
2  0.  594.  34^?.  23'  28 
"  0.  434^  ieh.  29  27 
0.  57  4.  58i7.  36  26 
0.  71 4.  69.7.  42  26 


Part  II. 


Sum  of 
EquaL 
Part  I. 


Corr. 


0.  864.  81*7.  48  24 

1.  0014  93!7.  .53  23 
1.  14  d.  04>7.  59;  22 
I.  28  3  I5|7.  ^'  21 
I.  42  5.  267.  69  20 


I,  56  5.  377.  74  J9 
I.  70  5  487.  78<  18 
I.  845.  587.  83  17 

1.  98  5.  69(7.  87  16 

2.  12  5.  797.  911  15 


16  2,  26  5.  89^.  94' "u 
7  'Z.  .T9  5.  99^.  97;  13 
a  2.63  6.08  8.  01  12 
IJg.  666.  188.03^  11 
20  |2.  806.  27«.  oS  10 


Part  IIL 
ArBnraciu  ([  'g  Parallax  in  Lat. 


O'      10'    SO'  30^ 


0"00 
0  .00 
0  .01 
0  .02 
0  .03 
0  .04 


40' 


0".00  0".30k)".60  0".92  I"JUtl"-57  1'^^! 


0  .000  J200  .410  .62  _ 
0  .000  .170  .360  .560  .75^  96  | 
0  OOlo  .150  .310  .480  .650  iSl 


0  J05 
0  .06 
0  .07 
0  .08 
0  .09 


2.  93  6.  J6i8.  08 

3.  07  6.  458,  10 
3.  206.  548.  12 
3.  3316.  62  8.  I4 
3.  466.  708.  15 


26  3.  59  6.  79  8. 

27  3.  72  G.  ftfiis. 

28  3.  84  '  ^ 
3  9^  . 

7.  09:8. 


D. 


0  .10 
0  .11 
0  .12 
0  .13 
0  .14 


0.  10 
0.  t» 
0.  0 
North. 
0.  10 


0  .000  .130  J88  Cn3lor^|r76 
2  ???         24jo  J8j0  :^lo  ii'lo  .83 


0  .005  .,06.210  So  .-SSK  %^  fs 

0  m]0  .070  .15j0  .230  .32?  43I0  S 

0  .wio. 06  0. 11(0  .fao:jj|o:Sis.tt 


0  .851  .08*1  .32 
.17 
.02 


.76,0  .93 


0  .15 
0  .16 
0  .17 
0  .18 
0  .19 


0  .000  .(HO  MlO  .ISoTpn  rt)  ^ 
0  .000  .0-0  .030  .090  I  0  24 

0  .000^000  .02b  .(m|o  .0ti|U  .10|0  .13 

0  .00  0  .00  -f.  0  .010  .030  .060  JO 
0.  20  0  .00|0  .010  .O20I01  4. 


0.  30 
0.  40 


0  .20 
0  .21 
0  Jf2 
0  .23 
0 


0  JS6 
0  .26 
0  XJ 
0  J28 
0  j29 


0  .00  0  .020  .030  .040  .030  !o2 

0  .000  .030^10  .060  of.!o  .oc'o lo5 


0  -CIO  .05 


0  .000  .040  .oeo  M  M   I    y  ..ij,  ]r 

.000  .060  .11  QOA 
0  .000  .080  .^-O  JJIO  J26|0  ^0  J4 
0  .000  .090  .18,0  ^Q^^OU 
0  .000  .110  J210  ^0  SSB  470  :64 
0  .000  .130  .24^  .35p  .4610  %^  63 


0  .000  .140  J280  .40o3jor630^ 
0  JOOO  .170  .330  .480  .620  Tslo  88 
0.000  .190  . 370  .650.720:^11  .03 


.00|0  .2-10  .47  0  .700 
0  .000  .29  0  .570  .841 


.91 
.11 


'iJ' 


32 

1  .371  61 


.12,1 


50' 


GO' 


40" 


10" 


30"  140"  30" 


0" 


10" 


20^ 

t 


30^ 

f 


40" 


"     "  I  "    "     "     "     If     »     ti     It    1)     ,)    ^  ,} 

2  iS  2  2  i?  212    ^-^    0.02  0.00  0.02  0.04  0  n6k)  09  0 1 1 

0  J2  0.28  0.21050  0. 1 6  0. 1 2  0.08  O.W  0.00  0.(H  0  TO  0  IsK  17  0^ 
0.48  0.42  0.36  0.30  0.24  0.18,0. 12  0.06  0.00  0.06  0  13  0  9^  *6  0  32 
2-^0^  0.4ft0  41  0.3aOJ2dfe.l6  0.08  0.00  0.08  0  7  0  23^  3? 0  43 
0^070  0^^|04^  0£1  S^I  lOlO  aOO  O.U)  0  21  0:320  43  0^3 

?  flXS  S*22n  ?l^Sj2?32  J?  2^2    ^'^^       0^  0:64 

■^■?S  n I  fif 7^2-^"  ^  ^  '  ^-^^ 0  15 0.29'0.44'0.60p.76 

J-ii       !  ?^^-^'  0.730.5jO.J7  0.19  0.00  0.19(1  77  0% 

1.60!l.4l  l£l!ljll  0^0620.41  O.'il  O.OOoii  I. 


60" 
// 


.  .vj.u/^  133' 1.1 2  0.90 0.6810.45; 0.230.00  OL23  0  .0  -  an /  J4  FTa 
i  S!     ^  "^^^  0.9310.742.4910.26 0.00  oS  0  3  0  76  1  02  lis 
[.oTl.^  ,.06|0.80|0.54;Oir7:o.OOol7to:S50:83 1:!?-"^ 


i  I? !  **!  *  ''^  °  86;0.58  0.290.00  0.29  0.59  0J9 
1 .82  1 .32  1 .22  0.920.62  0.31  0.00  0.31  0.63  0  % 


o  Ti-l*  1.0*  I  i.zzu.i/zv.W  U.:)!  0.00  0.31  0.63  0  96  IJfa 
2.56i2.25ll.94  1 .6211.31  0.980.66  0.330.0oKm  all?  1 .02  1 .36 

wilW  itm   _r.t.-.i  — — — 


Find  in  P.  I.  ihe 
two  equations  corres- 
ponding to  tlip  arj^i- 
mcnts  at  the  lop  mhI 
connect  ibcm  accord- 
ing   10   their  s'lf^m. 
»Vith  ih\n  sum  or  dif- 
ference take  out  the 
corresponding  corrcc 
lioo  P  11.  In  oc<u/Ja- 
tions  the  correction  P. 
in.  i«  to  be  fiiund  »iih 
ihe([*sPar.inlat.aithe 
lop  and  her  tn/e  lat.  ai 
the  side,  but  in  solar 
Fclipsea  this  p.  is  no- 
thing.   Conoea  these 
tbree  parts  and  with 
the  sum  enter  the  side 
column  of  P.  IV.  and 


I  11  1  <a  i-'««:tuic  sine 

I  lot's  ^'  'V.ajid 

1.36l??|.t"J:JiL!!,$l^P' 


the  correfpoodinir  cor 


applied,  W.UI  ,u  sm,  to  the  sum  of  the  three  first  parts  will  give  the  .iu^  of  ih?? 
^  r  i^ro  ^  •     "•"^        ^'  ^       2S.70  59'4-20O  46'  that  h  iT&^A^ 

Il.P.III.isO"  l^je  sum  of  the  three  parts  if -f  14".  4.  w/ih  which  and  the  C  S  Dl&i?^! 
Vf '  A^rrrJ^     ^  ^-      ^^""^^^^  ""^  ''  ''  ^  g^ai/^g'    <  '»  "  •Is  iaPn>b: 


4 


J48 


EqualioD  ol 


TABLi:  X!.V. 


lnt,er;tti*^r  or  laliittdc  with  a 


\p.uinc  after  noou 
or  midnight. 


h  m  \  h  m 
0.  0  12.  0 


*0.10 
0.20 

0.30 
0.40 

0.50 


11.50 
11.40 
11.30 
11.20 
II  .10 


I  2' 


Ap.  lime  afternoon 


1.  0  1 

11.  0 

2.3  1 

4.6 

6. 'J 

1.10 

10.50 

2.G 

5.3 

7.9 

1.20 

10.40 

3.0 

6.9 

8.9 

1.30 

10.30 

3.3 

6.6 

9.0 

*  l,-*0 

10.20 

3.6 

7,2 

10.8 

1 .60 ; 

10.10  3.9 

7.K 

11 .6 

^2.  0 

10.  0 

4.2 

8.3 

12.5 

2.10 

9.50 

4.4 

8.9 

13.3 

U2.20 

9.40 

4.7 

9.4 

14.1 

2.30 

9.30 

4.9 

9.9 

14.8 

2.40 

9.20 

5.2 

10.4 

15.6 

'2.0U 

# 

9.10 

5.4 

10.8 

16.2 

3.  0 

9.  0 

5.6 

11.2 

16.  y 

3.10 

8.50 

5.8 

11.7 

17.5 

3.20 

8.40 

6.0 

12.0 

18.1 

3.30 

8.30 

6.2 

12.4 

18.6 

3.40 

8.20 

6.4 

12.7 

19.1 

3.50 

8.10 

6.5 

13.0 

19  6 

*4.  0 

8.  0 

6.7 

13.3 

20.0 

j-4.20 

7.40 

6.9 

13.8 

20.8 

4.40 

7.20 

7.1 

14.3 

21.4 

•  5.  0 

7.  0 

7.3 

14.6 

21.9 

5.20 

6.40 

7.4 

14.8 

22.2 

■  •5.40 

6.20 

7.5 

15. 0 

22.4 

6.  0 

6.  0 

7.5 

15.0 

22.5 

// 


it 


V 

8^ 

10'  , 

11' 

II 

(/ 

<( 

"  1 

n 

0.0 

0.0 

0.0 

0.0  ' 

0  0 

2.9 

3.3 

3.7 

4.1 

5.7 

6.5 

7.3 

8.1 

8.4 

9.6 

10.8 

12.0 

11  0 

12.6 

14.2 

15.7 

17.3 

13.6 

15.5 

17.4 

19.4 

21.3 

26.7 
27.7 
28.5 
29.2 
29. 6 
29.9 
30.0 


16.0  ;lli.3 
18.4  lii  I 
20.7  2J.7 
23.0  .'26.2 


39.4 
40.8 
42.1 
43.4 
44.6 
45.7  152.2 


45.0  "52.5 


53.3 
55.4 


2«i.3 

29.6  o 
32.3  36.1 
35.9  |39.5  ! 
38.8 


56.2  61.9 

58.3  64.1 
60.2  ;66.2 
62.0  I68.2 
63.7  70.0 
65.2  '71.7 


167.5 
C9.9 


60.0 
162.3 


57.0  64.2 

58.3  65.6 

59.3  66.7 

59.8  67.3 

60.0  '67.6 


66.7  .13.3 
76.1 


80  0 

78.4  185 

80.2 
81.6 
82.3  189.7 


83.6 


90.0 


Second  DirtVreiice. 


or  midnight.  \\^\^ 
n  r — //  n 


h'  m 
0.  0 
1)10 
0.28 
0.30 
0.40 
0.50 


1.  0 
•1.10 
•r.20 
M.30 
1.40 
1.50 


11.  0 
10.50 
10.40 
10.30 
10.20 
10.10 


10.  0 
9.50 
9.40 
9.30 
9. 20 
9. 10 


3.  0 
3.10 
3.20 
3.30 
3. '10 
3.50 


30"  40" 


// 


50" 


9.  0 
8.60 
8.40 

8.30 
8.20 
3.10 


1" 


n 


4" 


6" 


0,2  0.3 


0.3 


0.3 


0.3  0.3 


0.3 


0.4 


0.2  10.3 

0.2  10.3 

0.2  |0.4  to. 5 

0.2  |0.4  0.6 

0  2  0  4  10.3 


6"  I  7 


a^o  s 


o.s 

0.7  ■ 

0.: 

0.7  |0.9 
0.6  0.7  k>.9 


TABLE  XLVI.   Latitudes  and  Longitudes. 


[r.M>  Tifilc  contains  'kc  \.\\\\\  i>f.i  (ux.l  l.oNcirLUh^  oj  lite  iiio:>>  irmaikttble  liarho. 
Islands^  Shonls^  Capes,  4*c.  m  the  wor\.d,  faundtd  on  the  latest  and  most  accurate  As 
nomical  observations^  surveys  and  charts.  ] 

The  Lons:il'i.le<  arc  reckoned  from  the  meridian  of  Circenwirh. 


I.  COAST  or   THE   t'MTKU   STATES  OF 

AMtRiCA. 

Lat. 

Long. 

I/. 

M 

Nf 

ENTRANCE    of  St. 

Croix  Kiver 

« r*! 

Ml 

o  »* 

Islnnd  of  Campo-Bcllo 

(middle  or  West  pas 

!«nge  of  Paasamaquod- 

dy  Bay)    .     .    .  . 

44 

u  / 

DO 

Wolves'  Island* 

45 

4 

41 

K.  end  of  Grand-Mnnari 

Hi 

.17 

AA 
no 

ill 

Grand-Manan  N.  head 

44 

'^3 

AA 

DO 

4-1 

do.    West  end    .  . 

14 

40 

AA 

DO 

• 

Cr; 

rit-nanan  Li^ht 

44 

A7 
o  / 

40 

tD 

Entrance   of  Machias 

44 

44 

A7 

20 

Gouldsboro'  Harbour  . 

14 

34 

A7 

'i2 

a 

Mount  Desert  Rock 

43 

DO 

9 

Lon^-Island   (south  of 
Mount  Desert  or  en- 

trance of  Bhie-IIill 

s 

Buy)  

44 

9 

HO 

31 

Isle  of  Holt    .    .    .  . 

41 

00 

68 

40 

14 

24 

68 

16 

Matinicus  Island 

43 

50 

63 

55 

Wooden  Bald  Rork 

13 

t  tj 

4=i 

A4 

•»  t 

Island  of  Manheigin 

13 

1 « J 

41 

AQ 

I '» 

Penmaquid  Point    .  . 

4) 

48 

AQ 

97 

Bantum  Ledges    .    .  . 

43 

49 

AQ 

Kennebeck    River  en- 

43 

43 

AQ 

Scguine  Island  lij^lit 

43 

41 

69 

46 

Cape  Small  point 

43 

40 

AQ 

D7 

•'i9 

Cashews  Lcdj;e  (shoalcst 

Alden's  Ledge  (ofTCapc 

43 

A 

AQ 

D7 

1  1 
1  i 

43 

AO 

70 

q 

c 

Brunswick     .    .    .  . 

43 

PORTLAND  light-hou. 

43 

39 

70 

17 

Cape  Klizaboth    .    .  . 

43 

33 

70 

Saco  River  entrance  . 

4t 

70 

26 

Wood  Island  L.  House 

43 

27 

70 

9  \J 

\gamenticus  Hill    .  . 

41 

J  v» 

70 

41 
T I 

Cape  Porpoise    .    .  . 
Wells  Harbour    .    .  . 

43 

70 

96 

bD 

• 

43 

19 

70 

33 

Bald  Head     .    .    .  . 

43 

1  3 

70 
/  u 

o 

Cape  Ncddock  Nubble 

13 

10 

70 

36 

5 

York  River    .    .    .  . 

43 

7 

70 

3S 

5; 

Vork  Ledge   .    .    .  . 

43 

70 

34 

•  • 

> 

Boon  Island  light    .  . 

43 

A 

\3 

70 

a 

Boon  Island  Ledge  .  . 
POHTSMOUTH  light- 

43 

4 

70 

97 

43 

A 

70 
/u 

44 

Portsmouth    .    .    .  . 

43 

5 

70 

46 

• 

Ulcs  of  Shoals  light 

42 

56 

70 

38 

NEWBURVPORT 

lights  on  Plumb  Island 

43 

48 

70 

51 

•J 
•5 

Ipswich  entrance    .  . 

42 

43 

70 

49 

• 

Squam  light    .    .    .  . 

42 

42 

70 

41 

Sandy  Cove  (or  Bay)  . 

42 

41 

70 

33 

CAPE  ANN  light  hous- 

es OQ  Thatcher's  kl- 

42 

40 

70 

34 

East  point  of  Cape  Ann 

Harbour    .    .    .  . 

1-2 

37 

70 

39 

Li9;lit  huuscs  on  Baker's 


23 
20 
23 
23 
11 
59 
6 
5 
43 
34^ 
to 

48" 
...  ^ 

oJ.« 

51  5 
47  5 


16 
14 

4 

25 


Island  

Beverly  

SALEM  

Marblchead  .... 
Nahaut  Point    (N.  E. 
Point  of  Boston  har 

hour)  12 

Boston  light-house    .  .  42 
BO.STON      ....  42 
CAMBRIDGE  (Muss)  42 
Scilualc  liijht     .    .    .  -12 
Plymouth  lights     .  .41 
Race  Point  light     .     .  42 
CAPE  COD  light    .    .  42 
Chatham  light    .    .  .11 
Sandy  Point  or  Malabar  11 
Shoal  of  George, 
Great  Shoal  S.  E.  P.  41 
do.    do.    W  P.    .  .  11 
do.    do.    N.  E.  P.    .  41 
do.  North  Shoal    .  .41 
do.  Third  Shoal    .    .  41 
do.  East  Shoal         .  41 
NANTUCKET  light- 
house      .  . 41  23 
Sancoty  head  on  Non- 
tucket  Island    .    .  .  41 
Tom  Nevers  head    .   .  41 
Nantucket  South  Shoal 

(true  Int.  by  Blunt)  .  41 
Cape  Poge,  (Vineyard)  41 
Squibnockct-head 
(southwesterly  part  of 
NIartha's  Vineyard) 
Gay  Head  light-Louse, 
(Vineyanl)     .     .  . 
Noman's  Land  Island  . 
New- Bedford  light  hou. 
Buzzard's  Bay  entrance 
NEWPORT    .  . 
Rhode  Inland  light-hou. 
Point  Judith  T^.  house 
Watch  Hill  P.  light  . 
Little  Gull  light    .  . 
Block  Island    .    .  . 
New-London   (or  en- 
trance   of    1  hamcB 
river)  light-house 
Fnlkland  Islnnd  L.house 
NEVV-HAVENentr'cc. 
Montock  Point  (E.  ejtd 
of  Long-Island)  light 

house  41  4 

Ea«»t  H.impton  in  do.  .41  00 
NEW- VORK  City  .  .10  42 
New- York  light-hou?*e 

on  Saudy  Point  .  .  10  28 
Perth  Amboy  .  .  .10  30 
Little  Fgg  Harbour  .  39  30 
Great  Fgg  Harbour  .  "^9  l8 
Cape  May  .  .  .  .  38  57 
PHILADELPHIA  .  .39 
Lipht-ho4ise  on  Cope 
^Henlo^PT^^^^^^^.   .  38 


Lat. 

Lor 

D. 

M. 

D.  I 

42 

34N 

70  4 

42 

34 

70  5 

42 

33 

70  5 

42 

32 

70  5 

41 

17 

70  4 

41 

21 

70 

5 

41 

15 

70 

4 

41 

35 

70 

5 

41 

28 

70 

5 

11 

29 

71 

1 

41 

28 

71 

2 

41 

21 

71 

2 

41 

20 

71 

5 

41 

14 

72 

1 

41 

10 

71 

3 

11 

21 

72 

1 

11 

15 

72 

4 

41 

17 

72 

5 

H  h  Tab. 


TABLB  XLVI.  Latitudes  and 


-» 

'3 


r 


so 


t: 


Lat. 

Loii;;. 

D.  M. 

D.  M. 

Cape  Ubarles    •    •  . 

37  7N 

7b  lo>\ 

Cape  Henry  light  .  .  . 

36  56 

76  IS 

* 

•3 

NorRjiK  (Vir.)   .    .  . 

36  53 

/b  34 

i 

Petersb'irch  (Nir.)    .  . 

.>7  1  z 

/  /  44 

I  ork  1  own  ( V  ir. ; 

37  Ix 

to  3^5 

RICHMOND  (\  ir.)  . 

37  30 

//  44 

a- 

Annapolis  (Mar.^   •  . 

39  00 

To  37 

>> 
$ 

.\LKXA!N  |)Kl.\  (Vir.) 

38  49 

77  4 

\V  ASHliNU  rorSi  City 

38  S3 

77  8 

Chiucoteague  Sboals 

(on  Maryland  riion) 

37  58 

75  Itf 

BALTIMOKE    •    •  . 

39  23 

/b  39 

KonnoKR  Inlet 

S.T  50 

75  33 

CArh  HATrEKAS  . 

35  14 

7o  30 

Extreme  raoal  on  do.  . 

3o  3 

7a  23 

Deep  soundins^s  off  do* 

34  56 

75  9 

Orracock  Inlet    •    .  . 

3.T  1 

75  59 

L  cUur  Inlet    .    .    .  . 

34  47 

/b  22 

Kj.\rEs  Ls\J\JtL\JU  i  . 

<D  37 

hxtrame  thou  on  do.  . 

34  81 

76  32 

Deep  sounditig^  ofT  do. 

34  / 

/b  12 

wkl  I  op9aii  iniet    .  . 

34  39 

/b  4b 

ncauiort  ^[M.  Lr.)    .  . 

34  42 

7b  46 

t/boesman'M  Inlet   •  . 

34  41 

/b  d1 

oouge  Inlet   .    •   •  . 

34  3S 

77  14 

1 

Sw  tn-iborouj^    •    •  . 

34  41 

/7  17 

Bear  Inlet     .    .    .  , 

34  36 

77  21 

>cw  Kivcr  Inlet 

34  34 

<^  Y     fX  yx 

77  30 

g 

otump  Inlet    ■    .    •  « 

34  SI 

77  37 

New  1  opsail  Inlet  •  . 

34  27 

77  44 

?>anay  Inlet    ,    ,    .  , 

34  19 

77  55 

i^eep  Inlet      .    .  . 

34  14 

ag  A^x 

73  00 

VVlLfMINuTOXf    •  . 

«a  a    «  ar 

34  17 

78  10 

nrunsiTick    •   ,    .  . 

34  3 

78  10 

• 

Smithnlie     .    ,    ,  . 

33  54 

79  13 

New  Inlet    .    .    .  . 

33  57 

78  6 

(.\FE  FEAR    ,  . 

33  48 

78  9 

r*  ft            ■_     •    it*  1 

Kxtvenie  shoal  on  do.  . 

33  36 

77  47 

Deep  •loundinji^'^  off  do. 

33  11 

i7  26 

l-ocktvood's  roily  Inlet 

33  53 

78  25 

33  ol 

*W  rX  MA 

73  39 

1  .iiiic  iu\cr  Inlet  . 

33  50 

IVA  «#x 

79  49 

o 

33  2j 

79  00 

nitio  its^it 

33  13 

7S  55 

onoais  on  uo«     .    •  . 

33  8 

73  42 

('Qpo  Konan     .  .  . 

13  2 

79  6 

5 

32  46 

79  4S 

Onaricston  li^ht-nouse  . 

3-1  40 

79  40 

^orto  Eddisto  Inlet 

32  30 

79  59 

•"^oufli  Bdaisto  Inlet 

32  28 

30  7 

M    A '  1  b  ORT  (S.  C.)  . 

3S  28 

80  33 

rort  Koyal  entrance  . 

33  8 

80  27 

'i^»PMx  A  la^vlx^ 

1  yocc  iif^nc 

.2  00 

30  49 

^AVAI^iXAl*          .  , 

32  2 

31  3 

c>&ciienne'a  soniid  . 

31  37 

81  13 

■M.  oimon  S  oOUQQ    •  , 

J I  1 

81  36 

tiruniWCK  (Lieo.  1    .  . 

31  10 

Amelia  oounu  (entrance 

w     niBfye  nvcr)  . 

JU  44 

81  43 

v^unineriana  isl.  (S.  P.) 

30  43 

31  35 

Vmolh  Mand  (S.  P.)  . 

30  2S 

31  36 

River  Nassau  entrance 

30  28 

31  35 

River  St.  John  entrance 

30  21 

81  35 

St.  Atigiietine      .  . 

»9  51 

81  88 

Iiland  Anaitaaia,  N.  P. 

S9  51 

81  23 

89  37 

81  17 

Lat. 
D.  M. 


Mu.skito  or  N.  Smyrna 

entrance 
Cape  Caoaveral 
Outer  brealcers  ofT  do 
I.an  Tortolas  or  Hum- 
mocks ..... 
Hlllshoroagli  Itl.  N.  P 

s»  p.     •  • 
Mount  Pclado  or  Bald 

Head   .   .   .  , 
GrcnvUIeN  Inlet  . 
Cooper's  Hill 
Sand  Hill»  • 
New  Inlet    .    .  . 
Middle  River  entrance 
CAPE  FLORIDA 
Aliol.  N.  P. 

Cuyo  Largo  or  Long 
Key,  N.  £.  P.  . 
8.  El.  P«    .  M 
Sombrero  or  Ilal  Kej  . 
Looc  Key      •      •  . 
Samboes 

Sand  Key  or  C.  ArcnaJ24  81 
S.  W.  end  of  ihoali  off 

C.  Florida    .  , 
Tortus  Islands  and 
Banks.  N.  W.  part 

—  N.  E.  do.     •  • 

—  S.  F.  do.  ,  •  • 

—  S.  W.  do.  ,  , 
Key  Marqui3  .  . 
Boca  Grande  or  Great 

Mouth  • 
Key  Samba 
l.-hnd  of  Pines 
keys  of  Hay  Honda 
Key  Vaeaa  . 
Key  Agi       .       .  . 
Cape  Sable  or  Tancha  . 
Cape  Homano  or  P. 

Boca  Gnnde  eat.' 

Carloft       .  , 
Boca  Srrrnxota    .  . 
Spirito  Santo  Day  eut. 
!\cyt  Aneloto 
Keys  nf  St.  Martin  • 
Fresh  wntrr  Keys  . 
Cayos  dc  Cedres 
St.  Mareotde  Apalache 
3outh  Cape 

t.  Georijc's  Key,  S.  P. 
Cape  St.  Bias 
Bay  St.  .\ndre8(£.point 

of  Island  Roea) 
Hay  3t.  Roaa(W.point 

of  do.) 
PENSACOLA  . 
River  Perdido 
Mobile  Point 
MOBILE 

Ma.Hsacre  Island  • 
I.  del  Cueipo 
Candclariaa,  N.  P. 

—  8.  P. 


28  53N 
28  19 

23  20 

27  35 
87  M 

27  16 

27  1 
26  47 
26  42 
26  32 
26  17 
26  7 
.85  4S 
.25  80 

% 

.84  57 
.  84  52 

24  32 
24  28 
24  25 


84  80 


84  34 
.  84  37 

24  33 
24  25 
24  30 


i4» 

24  35 
24  42 
24  44 
84  41 

21  4*? 
24  50 

26  00 


[26  41 
27  16 

27  38 
II 

28  42 
89  8 
89  83 
30  9 
•29  48 

29  30 

29  36 

SO  SI 

30  19 
30  84 
30  18 

30  13 
30  40 
30  12 
30  18 
29  59 


Long. 
80 

80  33 
80  13 

50  30 
ISO  19 
80  13 

80  II 
80  8 
80  3 
80  3 
30  6 

80  7 
90  9 
90  90 

30  35 
190  34 

51  23 

81  37 
81  47 

81  59 

fli  31  . 

83  8 

m  45 

32  45 
«3  00 

82  13 

88  11 

81  53 

SI  41 
181  29 
m  17 

131  16 

Si  19 

n 

32  10 

32  37 

82  47 
S3  7 

33  1 
33  5 
S3  5 
94  19. 

84  89 
35  13 

8o>  3a 

97  31 

87  87 
|8f  dT" 

88  81 
^3  21 
38  37 
|8Sf49 
88  57 
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TABLE  XLVI*  Lstitades  Iionsitlidet. 


r 


Lat. 

Long. 

D. 

M. 

D. 

n  € 

M. 

Kejr  Bretoa  • 

29 

2oN 

89 

18V\ 

Entnnee  of  1118618- 

•> 

sipri,  N.  E, 

29 

12 

89 

9 

<m 

*•» 

«3 

—  La  BaliM 

29 

8 

89 

6 

•» 

■"^   o.  jB*      •      •  • 

28 

59 

89 

U 

— ■  S.  IV,  • 

23 

56 

89 

29 

NEW.0RLSAN8 

29 

57 

90 

9 

Baton  RougB  • 

30 

36 

91 

13 

Long-Island 

29 

15 

90 

14 

L  Tonbalie,  S.  P. 
L  del  Vino  W.  end 

28 

58 

90 

39 

98 

56 

91 

84 

Bancoa  de  HbetiOBes, 

S.  P.      «      •  . 

28 

50 

91 

44 

29 

86 

93 

4 

■5 

Iron  Poiat  or  Point  Fi- 

1 

crro  • 

2^ 

14 

92 

7 

Deer  Point 

29 

26 

92 

29 

Point  del  Pajaro  . 

29 

21 

92 

48 

River  L.obos,  ent. 

29 

32 

4 

Salt  water  Bay      .  . 

29 

26 

93 

88 

Conjtant  Bay 

29 

27 

93 

39 

River  Mermentao 

29 

38 

91 

11 

Point  ent.  river  Sabine 

29 

40 

94 

57 

■s 

I 


I 


TRINID.iD, 

—  Spanish  Town 

—  Icaque  Point  • 

—  Point  Galiote 

—  Point  Galera 
Tobago,  N.  £.  Point 

LW.  point 

Grenada,  N.  E.  point 
S.  \V.  point 


Grenada  Bank.  Middle  11  55 


Barbadoea,  8.  P. 

—  E.  do*  ■ 

—  Bridgetown 

—  N.  W.  point 
St  Vincentd,  N.  point 

—  8.  do. 
St  Lucia,  8.  point 

—  N.  do. 

Martinico,  S.  E.  point 

—  Diamond  Root 

—  Port  Royal 

—  Macoul^  Point 
Dominica,  S.  point 

—  N.  do. 
He  Sainta  Island 
MaridgilanlOi  M.  P. 
-—  S.  do.    .  • 
Guadaloupe,  S.  W.  P. 
-~  N»      do*  • 

—  N,  E.  do.  • 

—  S.  E.  do. 
Descada      .  . 
Antigua,  E.  P.  . 

—  W.  point 
Monscrrat,  8.  F. 
~  N.  P.  . 
Redondo  Island  . 
Nievia 

St.  ChriaTriorStKitts 
^8bB>  point  . 


.tlS 

13 


Lat. 
D.  M. 
10  39N 
10  4 
10  9 

10  51 

11  29 

11  S 

12  19 
11  58 


1 

8 

13  5 
13  18 
13  12 
41S  4 
13  30 

13  56 

14  24 
14  84 
14  36 

14  56 

15  14 

15  39 
1$  58 

16  4 
15  53 

15  58 

16  80 
16  30 
16  11 

16  21 

17  5 
17  5 
16  42 
16  50 

16  56 

17  9 


Long. 
D.  M. 
61  30U 
61  55 
60  55 
60  51 
60  17 

60  48 

61  40 

61  52 

62  18 
59  36 
59  24 
59  41 

59  44 
61  21 
61  80 
61  00 

60  5b 

60  5b 

61  6 
61  9 
61  29 
61  28 
61  30 
61  37 

61  : 1 
61  i:» 

61  48 
61  56 
61  32 
61  15 
61  8 

61  44 
68  00 

62  17 
62  17 
62  22 
68  33 


.  17  18    68  38 


3 


—  N.W.  point  . 
St  EuatatkTown 

Saba  . 

Aves  or  Bird's  I.  aba 
Barbuda,  N.  P.  . 
St.  Burtholonicw,  E.  P 
St.  Martin's,  E.  P. 
Ai)^ila,  S.  W.  point 

—  N.  E.  do. 
Prickly  Pear 
Isle  of  Dop,  weetam 
Sombrero  . 
St  Croix  orStCru2  E.P 

—  W.  P.  . 
Anc<!^0,  8.  P.  of  alM 

—  W.  P.  . 
\  ir^in  Ciorda,  E.  P. 
Torlola,  E.  P.  . 

—  W.  P.    .  • 
St.  Jolin*a  •  • 
St.  Thoinaa 
Bird  Key    •  • 
Serpent  1.  E.  pait 

—  Crab  L  B.  part 

Cape  St.  John  or  N.  E 
PORTO  RICO  . 
Point  BrufHien  or  N.W, 
Point  St.  Finnciseo 
Cape  Roxo  or  S.  W.  P 
Los  Morillos 
Point  Coamn 
C.  MalaPaiqua  or  SE.P. 
Shoal 

Mucrtoa  Island  . 
La  Moon  I.  • 
Monito  I.  . 
Zadieo  or  Desaecheo  I 

Cape  Engano 
Saona  I.  E.  part  . 
St.  Catlicrinc's  I. 
St.  Domingo  • 
La  Calalina 
Cape  Beata  • 
AIta>cla  rock  off  do. 
Cap(?  Jncquemel  . 
Island  Baca 
Point  Oravoia  • 
Cape  Tibcron  • 
Navaza  Island 
Ca|)c  Donna  Maria 
Jeremy 

Cayniito  •  . 
Petit  GuafO  • 
Leogane 

PORT-AU-PRINCE 
L  Gonate,  8.  E.  P. 

—  N.  W.  P. 
St.  Mark 
St  Nichola  Mole 
TortttdaaW.  P.  . 

CAPE  FRANCOIS 


Lat. 

Long. 

D.  M. 

0.  M. 

17  S4N 

68  5lW 

17  29 

63  2 

17  40 

63  16 

1 15  <kO 

b  l  40 

17  44 

61  50 

17  54 

62  40 

18  4 

6:t  1 

18  12 

8 

18  18 

62  52 

18  80 

63  15 

18  19 

63  20 

18  38 

63  30 

17  45 

64  34 

17  48 

64  54 

IIS  36 

64  9 

18  46 

64  23 

18  30 

64  1:^ 

18  28 

64  31 

IS  86 

64  48 

18  22 

64  42 

18  22 

6-1  55 

Id  15 

64  50 

18  19 

65  17 

19  10 

65  15 

18  24 

65  35. 

18  29 

66  5 

18  31 

67  7 

18  22 

67  13  1 

17  58 

67  9 

18  00 

67  16 

17  55 

66  87 

17  59 

65  47 

19  80 

65  50 

17  52 

66  30 

18  6 

67  50 

18  9 

67  53 

18  24 

67  26 

18  35 

58  80 

18  13 

68  31 

18  18 

68  58 

IS  88 

69  51 

18  8 

70  11 

17  42 

71  20 

17  28 

71  21 

18  13 

72  35 

18  4 

73  38 

18  80 

73  55 

18  20 

74  29  , 

18  24 

75    3  1 

18  38 

74  27 

18  3S 

74  7 

18  39 

73  43 

18  25 

72  54 

18  29 

72  38 

18  33 

72  21 

18  48 

72  47 

19  56 

73  19 

19  4 

72  45 

19  49 

73  25 

20  6 

78  54 

20  2 

72  35  • 

Il9  45 

72  13 
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lABlS  XLVI.  i«tltudes  ud  Longitodw. 


mm 


Poit  Pmpiifa 
Shoal  ofTM.  Chriite 

Monte  Chriate 
Point  Isabella 
Old  Cape  Frueoit 

Cape  Samana 
Olpe  lUphacI 


Morant,  E.  P. 

KINGSTON 
Port  Royal 
Portland  Point 
Pedro  Blufls 
Black  Biver 
Savanni^'lt-Mar 
Cape  rsegril,  S. 
—  N.  do.  . 
Montego  Bay 
Martbii  Brae 
i>t.  AnnN 
Galina  Point 
Arnatta  Baj 
N.  £.  PoiDt 


point 


Las 


E.  P. 


Morant  Keys  o 

Ranas 
Pedro  aiiotis 

—  Portland  R.  N 
~  iUtUeaoake,  N.  W 

P. 

^  South  part 
Formigas  Shoal»N.E.P. 

—  s.  W.  P. 

Little  Cabman,  S.  W.  1'  'i9  3b 


1^  58 

18  1 
17  54 
17  42 

17  50 

18  1 
18  13 
18  14 
18  £4 
IS  91 
18  31 
18  31 
18  29 
IS  21 
18  IS 


17  25 

17  00 

17  5 
h6*43 
IS  34 

IH  2H 


Cajmanbrack,  t.  P. 
lirand  (/uyiiiaaiS.W.P, 
—  E.  P.  . 
Swan  Islands 
New  dlioal 
Navaw 


19  43 
19  IS 

19  IS 
17  21 
15  66 
IS  84 

20  14 
to  b 


Cape  Mayzc 
C.  Bueno  or  Guanos  . 
Point  ent  ComberlaiHl 

Har. 

St.  JAGO  D£  CUBA 

entrance  . 
Tarquin'A  Peak  . 
Cape  Cms  • 
Boca  del  eato  • 
Key  Breton 
Trinidad  rirer  . 
Bay  Xagua  •  . 
stone  Keya .  • 
Los  Jardines 

£.  point  of  the  Bank 
£1  JaniiniUo 
Keys  Jardii 
I.  Pines  S.  W.F, 
Indian  Keys 
Iveys  ot.  Philip  . 
Point  Piedraa  . 
Cape  Corientes  • 
Cape  St.  Antonio 
''ancbo  Pedro  Shoal 
^^eoldteeovoredhi  l79Ti'38  _  6 


.19  54 


19  57 
19  54 
19  47 
fO  19 
21  6 
21  44 
91  53 
21  47 
21  37 
21  24 
%l  94 
21  94 

fai  22 

•21  29 
21  48 
191  48 

21  43 

21  54 

22  4 


i.ong. 

D.  M. 

71  66  W 

71  40 

71  43 

71  10 

69  55 

69  7 

bS  53 

76  9 

76  51 

176  55 

77  M 

77  55 

7S  1 

78  23 

78  37 

78  35 

79  9 

77  49 

/  /     Z  i 

7b  59 

7b  oi 

76  90 

7^  00 

77  13 

79  13 

78  96 

75  49 

75  51 

•*0  5 

79  52 

HI  5 

180  37 

84  4 

79  O 

75  3 

74  4 

74  12 

* 

75  11 

76  5 

7b  50 

77  49 

79  8 

79  55 

80  5 

80*48 

81  45 

31  31 

m 

81  18 

§ 

81  50 

89  4 

82  55 

82  56 

83  6 

83  4f 

84  23 

34  57 

85  28 

S5  9 

mm 


I  LI  'II 


p. 


N.  E.  P. 
Point  Juan  und  Jaunito 
Hill  (jui^iboa  • 
Bay  Hondn  « 
Port  Cabanaa  • 
M ARIEL    .       .  ^  . 
River  Banco 
HAVANNAH  (the 

Moro)    .      •    .  . 
Point  Escondido  . 
Point  Guanos  , 
Pan  of  iVlatonzas  ,  , 
MATANZAS     .  1 
Point  Vcacos 
?tonc  Key  off  do. 
Key  Cruz  del  Padre  . 
Las  Cabesaa    '  • 
Nicholas  ahoal    •  .  '< 
Key  Cnrenero 
Key  i  raiicis 
Key  U  illiain  (northern 

mdst)  . 
St  Juan     .  • 
Key  Coco     siidc  Baha 

ina  channel 
Key  Point  Paredoo  doJ 
The  Barrel  .  • 
Cay  )  Confitcs 
Cayo  or  Kej  Verde 
(luajava 

Point  Mstcrnillos 
Point  dc  Mangle  . 
Point  de  Mulas  . 
i  unanio 
Key  Moo  . 
Point  Guarieo 
Baracoa 

Shoal        .     ' . 
Nativity  bank  or  E. 

>uperl)  -^hoal 
Silver  Key,  S.  E.  end 

—  N.  E.  do. 

—  W.  do. 
Square  HandkoreUcf, 

N.  K.  P. 

—  S.  E.  P. 

—  8.  W.  P. 
In  rk's-IslMidt  CSrand^l 

—  S.ilt  Kpy 

—  >and  Key 

—  Endymion^s  Rocks  \ 
Great  Caycoe» 

Part 

—  N.  E.  P.  or  shoal 
St.  Philip 

—  N.  W.  put  . 
North  Caycos,  middle 
Booby  Rocks  off  do. 
Providcncx  Caycos,  N. 

W.  P.  . 
r.ittlc  Cayeoo,S.W.P. 
Key  Francis 
Sand  Key  . 
SouU^ve^Mho^ 


22 


22  29 
89  30 

22  25 


/  • 


6S  41 

68  9 

69  29 
69  27 
69  59 


190  99 

21  20 
90  66 
ISO  53 
21  30 
21  20 
21  19 
21  7 


21  in  71 


Digitized  by  Googl 


TABJl£XLVI.  Latitudes  atid 


-a 
8 


a^a,  N.  E.  P. 
-  ^.  E.  P. 

—  S.  W.  P. 

—  N.  W.  P. 
Little  Hcneaga,  E.  P.  . 

—  vv.  p.    .      .  . 
liugstiea  or  Corrolftei  . 
bank        •  • 
Mayaguuia  E.  RmT 

—  N.  do.  • 

—  >.  W.  point  . 
Frcocb  Kejr«  or  1.  Pla< 


-8 


s 


Lat. 
D.  M. 

21  19N 
41  00 

20  54 

.m  8 

21  28 
21  28 

21  39 
121  57 

22  17 
22  30 
22  20 

St  40 

29  7 


Miniponrofl  Keyi 
Castle  Island  or  South 
Key 

Fortune  hland^  W.  P. 
.North  Key,  Bird  I. 
Crooked  Ulaad^  W.  P. 
~~~  £•  P»  •  •  • 
Atwood^s  Keys*  or  I. 
^aniana,  £•  P. 

—  n  .  P.  . 

Rum  Krv  . 
Watiaiid's  1.  W.  E.  P. 

—  S.  P. 

Conception,  or  Little  1. 
^t.  Saivudur,  or  Guana- 

barit  S.  P.  >• 
— "  W.  P»    •  • 
Little  St  Saivador.N.P 
Eleiithcra  or  Hclera  I 

—  PowePa  Point,  S.  P. 

—  Point  Palmcto 
net  Point  . 

Haritour  Island  . 
Egg  Island.  W.  P. 
New  Providence  . 

—  NAS5AU 
El  P.     •  • 

—  \^.P.  . 
.\ndro8  islands,  S.  P. 

—  N.  P.  . 
Berry  bltodl,  Eaatem|25  22 

—  Northern  .25  49 

—  Great  Harbour  .'25  19 
Little  Isaac,  Eastern  .  25  57 
Greet  laeae  •  .|S6  1 
Betnini  Island,  neitbem 

fresh  water 
Cat  Key  • 
Riding  Roekl 
Orange  Kf^e,  Ifotfth  ,  . 

—  South     .  . 
Key  Guinchoc  • 
Key  Loboe  t 
Las  Mneerat 
South  edge  of  the  Bank 
Key  St.  Domingo 

t.  Vincent's  Shoal 
Key  Verde  Mead 
KejrSel  . 
Yuma  or  Lem  L  S.  P. 

—  N.  P.  . 
ma.  N.  W.  P. 


22  8 
22  30 

22  50 
22  48 

22  3S 

23  5 

23  3 

23  34 

24  6 

193  57 
23  69 

23  57 

194  33 

24  39 

24  39 

25  12 
95  94 

25  29 
25  2S 


.25  5 

24  59 
24  59 
24  4 
195  94 


25  43 
125  23 
95  17 

24  5S 
24  53 
22  44 
22  25 
22  10 
22  5 
21  45 

21  56 
1 

22  12 

22  49 

23  30 
.W  36 


Long. 
D.  )!. 

73  IVV 
73  f. 
73  41 
73  41 

72  55 

73  7 

74  00 
79  65 

72  39 

73  6 

73  11 

73 '34 

74  39 

74  20 
74  90 

74  22 
74  IS 
73  50 

73  35 

73  49 

74  57 

74  26 
174  87 

75  16 

75  32 

75  49 

76  12 

7b  23 
76  26 
76  36 

76  50 

77  6 

77  99 

77  9 
77  35 

77  45 

78  3 

77  41 

79  1 

78  5 
73  46 

79  9 

79  8 
79  10 


179 

79 
79 
78 


4 

6 
6 
1 


77  33 
77  12 
76  22 
75  45 
75  19 
75  5 
75  41 

74  46 

75  19 
175 


3a 
e 

o 
c 


>5 


Long. 

D. 

M. 

D.  M. 

Leeirard  Stoekina  I.  . 
THE  HOLE  INTHE 

50N 

76  low 

\NALL  . 

25 

77  13 

iiocky  point  of  Abaco  . 

26 

14 

77  6 

Elbew  Key 

B6 

31 

77  00 

.Man  of  ^^  ar  Key 

26 

36 

77  5 

(Jrcat  (iiiano  Key 

26 

43 

77  11 

1^08  Galapagos,  N.  P.  . 

27 

22 

78  21 

Lit.  BaharaaBaDk,  N.P^ 

27 

50 

79  11 

Memory  Kock 

26 

58 

79  4 

Sand  Key  . 

*>6 

54 

79  1 

vV  00 d  Key,  or  (\  Leno 

26 

46 

79  00 

Great  Bahama  i.  W.  p. 

26 

38 

78  55 

"  '~   is,  P.            •             •  . 

96 

81 

78  35 

26 

19 

78  9 

Dog  Keys,  N.  P.  . 

24 

1 

79  45 

W  ater  Key 

23 

58 

79  67 

Doable-headed  Shet 

k 

Key,  VVoftefB  • 

23 

52 

90  14 

Salt  Key     .  • 

23 

39 

80  8 

Anguila,  E.  P.     •  ^. 
Bermuda 

^ 

27 

79  14, 

—  Gi:ORGETOWN,  . 

39 

99 

64  831 

—  Wreck  Hill,weiteni- 

most-land 

32 

15 

64  60 

Best  Latitude  to  run  for 

Benauda  J 

39 

B 

IIL  East  Coast  of  jimrrirn,  from  Ike  GujJ 
Hf  Mexico  to  Cape  Ihrn, 


29  ION 


25  63 
28  8 
96  46 

26  5 

25  55 

26  22 
9 


Lat. 
D.  M. 

Point  Gulebrao,  E.  part 

I«  St  Louis 
PoiaC  .<t  Freociaco,  en- 
trance  of  Bej  ht.  Ber- 
nard 
Horse  Inlet 
PoiateTtheCoait 
Bar  de  Jago  . 
River  Braho,  rnt. 
KiverSt.  Fernando*  ent. 
Inleta  to  Lmna  Madre  95 
Bar  de  la  Marine,  en- 
trance river  St.  Ander23'45 
Bar  del  Tordo  .  .  22  52 
Mount  Commandante  .  22  48 
Bar  de  laTlinidad  .  99  39 
BarCiega  .  .  .  22  34 
River  Tampico  .  .  22  16 
Point  de  Xerea  .  .  21  56 
Cape  Rojo  .  •  .  91  45 
Tamiagtia  City  .  .  91  16 
River  Tuopan,  eot.  .  21  1 
Point  Piedras  .  .  20  50 
RirerCazonea  .  .20  44 
Tcnestequepe  .  .  20  40 
Boca  de  Lima  .  20  37 

River  Toeolnta,  eat.  .  20  30 
Mount  Gordo  .  .  20  22 
River  Naala,  eat  .  90  16 
River  Palina,  eat «  .20  10 
Point  Piedras  .  .  2<^  00 
River  de  Santa  Noa.    .  19  56 


Long. 
D.  M. 

96  51V 


96  55 

97  3a 
197  35 
97  31 
97  26l^ 
97  32, 
\Vt  4^ 

97  ;-.8 
97  67 
97  58 
97  57 
97  58 
99  9 
97  45 
197  35 
97  45 
97  30 
97  21 
97  15 
97  12 
97  7 
97  1 
96  67 
H  60 
96  45 
96  35 
196  30 


uiyiii^ed  by  Google 


TABLE  XLVI.  LftHtudts  and  LongHnto. 


Point  Dekada 
Point  N.lndrM  . 

Point  de  Bernet  . 
River  St.  John  Aogd 

Xaiapa 

Peak  de  Orizaba  . 
Point  de  Sampoln 
Sivor  St  Carloa  . 
River  Antigaa 
Point  (jorda 
VERA  CRUZ  . 
St  John  do  UVoo 

Xamipo 

River  ModeUini  cnt 


18  34 
IS  37 
18  19 


IS 
18 
18 
18 


7 
8 
8 
8 


BordeAhando  • 

TIacotalpOtt 

Vigia      ■  . 
Point  Uocu-rartida 
PointBloriiloi  . 
TuxtU     •  .  •  . 

Point  Z.ipoUtan  . 
Point  Xicacftt 
Point  3t  Jolu  . 
Barrilla      •  , 
Bar  (iuazaconliot 
Kiver  Tonelado  • 
River  St  Ann 
River  Cupiieo  • 
Dos  Bocas  . 
River  Cbiltcpc<iue 
River  Tabasco 

RimrSt  Potnr  d(  PwdtlS  S7 
Point  Jicakngo  . 

Island  Carmen 
Point  Kscondido  • 
River  Chen  • 
Point  Morros  • 
CAMPECHE  . 
Point  Deac^^nocida 
Point  Gordn 
Point  Piodm  • 

"'t.  Clara 

Bocas  d<rSilan  . 
El  Cuyo 

hlandJolva»,N.  P. 

Island  Contoy,  N.  P 

Las  Areas  islands 

Banlc  Obispo 

Triangles  Islands 

Now  Shoal 

Biijo  Neuval. 

Island  Arenas 

I.  Bermeja,  or  N. 
Shoal     •  • 

Bajo  Sisal  •  • 

Alacran      .  • 

N.  part  of  Bank  off 
coast  • 

S.  E.  do.  . 

t  de  Mugcrcs,  or  Wo- 
men's i.  . 

I.  Cankmi,  9w  F. 

^'<*H  Rivor 


Lat 
D.  M. 
19  52N 
19  43 
19  40 
19  32 
19  32 
19  2 
19  30 
19  26 
19  20 
19  15 
19  II 
19  15 
19  4 
19  6 
19  4 
18  46 
18  35 
18  38 
18  40 
18  41 
18  18 


18  13 

18  13 
18  14 
IS  22 


18  44 

18  46 
IS  50 

19  90 

19  40 

19  50 

20  55 
91 
21 
21 
21 
21 
il 
21 
21 


6 
9 

20 
22 
26 
SO 
30 
36 
20  16 

20  32 
90  59 
•20  33 
•il  50 
22  7 

22  36 

21  27 

22  29 

33  43 

23  97 

21  18 
190  49 

20  26 
190  S 


Long. 
D.  M. 
96  26V\1 
}9(  91 

96  21 
96  20 

96  50 

97  9 
96  16 
96  15 
96  14 

4 
4 


96 
96 


95  53 

96  6 
95  59 
95  45 
95  38 
95  29 
95  Id 
94  59 

94  51 

95  5 
94  41 
94  37 
94  99 
94  27 
94  12 
93  55 
93  41 
93  8 
92  45 
92  39 
92  7 
191  64 
91  29 
91  14 
90  51 
190  96 
90  39 
90  30 
90  29 
90  19 

90  13 

89  19 
S8  4.i 
dS  23 
87  43 

87  11 
S6  52 

91  51 
99  5 

92  7 
91  50 
91  48 
91  26 

91  21 

90  2 
89  26 

88  4T 
86  37 

86  42 

86  68 

87  15 


Bay  Ascension,  ent 
Island  Coimnel, 

—  S.  E.  P. 
Rio  Hondo,  ent 
I.  Ubero,  N.  P. 

—  8.  P.  . 
I.  St.  Crux 
Key  Jaicos 
North  Reef 
Chief  Channel 
WaUia^a  River,  eat 
El  Chinchorro  I.  N.  P 

—  S.  P.  of  shoal 
Miftteriosa  1. 
Vteiodl.  . 
Santanilla  or  Swan  I. 
South  Keys,  N.  P. 

—  Hat  Key,  S.  P. 
LongcrifTe,  or  Glovef^ 

Reef,  S.  P.  .16  21 

Sapotillas  Kevs,  S.E^.  16  00 
Rattan  I.  E.  P.    .       .  16  24 

—  W.P.  .  .  .  16  13 
GQan:^a  or  Honawn  1. 16  32 
Point  ManaUqno  .  15  39 
Omoa  .  .  .  15  37 
Point  Sal  .  .  .  15  47 
Trinnfoda  In  Cm  .  16  41 
ttillaLN.P.  .  .16  00 
Truxillo  .  .  .  15  53 
Cape  DelegadOf  or  Hon 

duras 
Cape  Cameron 
Cape  False 
Cape  Gracios  a  Dios 
Caxones,  W.  P.  . 

8»  Ea  P»  • 

Cayman  or  Vivorflla 
Key  John  Thomas 
Almrte  Alia,  N  .  W.  P 
~~  s,  E*  P» 
Serranik  . 
Serrana  or  Peari  I.  N.P 

S.  P,      .  . 
Guana  Reoik,  N.  P. 
"~"  S.  P»     •  • 
Roncador   .  • 
Musketeers 
.  Providence  1.  N.  P. 
J  Mosquito  Keys,  N.  P 
Ned    TiMNnaa*  Keys 

S.  P.  .  .  .14  12 
Bracman's  Bluff*  .  •  13  51 
ManofWarKeyi  .IS  4 
Little  Com  Island  .  12  19 
Great  Corn  Island  .  12  10 
Blueficlds,  ent.  .  .  11  50 
L  St  Andrew,  mid.  .  12  33 
E.  8.  E.  Kaja  .  J[i%  99 
3.  S.  W.  Kay»  or  Al 

burquerque  •  .12  6 
Paxoro  Bovo  .  .  11  20 
St.  I6lin*a  Point        .  tO  41 

PortBocoToro  •      .  9  99 

I.  Esctido,  N.  P.         .  9  14 

9  90 


Chi 


ent 


87  69 

87  52 
S7  52 
87  50 
87  55 
8S  19 


35  25 
84  44 

84  4 
87  12 
87  9 

87  41 
'SS  12 

20 
96  57 

86  7 

88  29 

87  57 
37  29 
8T  17 
87  2 
86  6 


82  21 

83  50 


Digitized  by  Google 


TABL^XLVI.  Lutitndes  and  LooptiadM. 


9 


I 


i  Point  Orlcaro 
I  [Point  Trinc.heit 
I  LA  GUIRA 
»|CARRACCA3 
Centinela  I.  or 
Rock      .  . 
Cape  Coden 
Curacoa  I.  N.  P. 

Uttle  Curoco 
Buenayre,  N«  P. 
h- S.  P.  . 


Farallon  I.  N.  P. 
Point  ManzaniUo 
Point  dt.  Bias 
Point  Conception 
hie  of  PiQM 
Cape  Tiburon 
River  Suniquilla,  ent 
Point  Caratana  . 
Point  AiMelM  . 
Island  Fuerte 
I.  ^t.  Bcrnertl,  N.  W.P. 
CARTHAGENA 
GalemdnSoilin 
West  OBt  Bif«r  Mig 

dalen      .  • 
M.  Martha  . 
Cape  Ag}^tk     .  . 
Bank  Natio 
Hacha 

Cape  la  Vela 
Point  Galinaa 
Monges  Ithndt,  N.  P. 
Cape  ChichibncM 
Point  Espada  • 
St.  Carios  . 
MARACATBO  . 
Coro  • 
Point  Cardon 
Point  Macolla 
Cape  St.  Roman 
lalmdOnyKN.  W.P. 
"~  S«  E.  p.  ■ 
Point  Aricala  . 
Point  Savannot  . 
Point  Soldado  . 
Key  Hoifocho 
Tucacas 

PORTO  CABELLO 
Valencia 

Point  St  Mn  AndreillO  80 


White 


Bifda  or  Av«8  twieUrn  1%  4X> 


~-  Eiftern  • 

Roca.  W.  Z',,  •  . 

E.  P.     .  . 
Orchilla  I. 
BlmMn  t.  >v  •  . 

Tort'lgri  I. 

Seven  Brother*  mid. 

MarnrtUy  VV.  P. 

~~*  B»  P»  ^yi- •  • 

I.  CuagtmtrPMil  L 

Friars  I.  • 

L  Sola        .  * 

Tcstij^o*  I. 

River  OrquilU  cnt. 


Lat. 
D.  M. 

9  3SN 

9  40 
9  38 
9  33  . 
9  19 
8  55 
S  40 

7  57 

8  37 

9  49 
9  20 
9  49 

10  35 

10  48 

11  3 
11  15 
11  21 

11  ss 

11  31 
1-2  U 

12  27 
19  91 

12  17 

13  5 
11  3 

10  43 

11  94 

11  35 

12  6 
12  12 
19  38 
12  25 
11  57 
11  33 
11  14 
10  57 
10  51 
10  29 

10  Id 


10  31 
10  38 
10  37 
10  30 

10  50 

10  3b 
12  24 
19  9 

11  59 

12  21 
19  9 


11  58 

U  51 
11  51 
U  49 

.m  59 

10  57 

11  46 
U  S 
11  00 

10  49 

n  11 

11  20 
11  24 

lU  H 


Long. 
D.  M. 
79  35VV 
79  33 
79  90 
78  40 
77  53 
77  39 
77  29 
76  5^1 
76  57 
76  39 
76  13 
75  50 
75  29 
75  20 

71  56 
74  11 
74  12 
(73  11 

72  56 
72  14 
71  41 

70  59 

71  17 
71  8 
71  12 
71  17 

169  46 
70  20 
70  19 

170  7 
PO  9 
|69  58 
69  53 
69  10 

63  35 
68  19 
68  17 

68  4 
168  7 

r  48 

67  17 

67  4 

66  59 
€|6  57 

r,r,  6 

6b  3 

69  13 

68  46 
68  41 
68  26 
68  IS 

67  42 
67  29 
66  5S 
66  32 
66  5 
M40 
65  19 

64  27 
64  23 

63  SO 

64  14 
63  4S 
63  33 
hi  9 
b'l  32 


V 

-  , 

Lat.  t 
D.  M. 

Long. 
D.  M. 

• 

NewrBareeluift  . 

10  8Nj 

64  46VV 

s. 
s; 

L  Borraciio  • 

10  90 

64  48 

c 

Sante  Fe    •  • 

10  16 

64  31 

Cumana  ,  • 

10  27 

64  15 

Araja       •  • 

10  35 

64  20 

Mono  Ckocopata 

10  49 

63  54 

Escondido  or  Hiddon 

Port 

10  41 

63  27 

Cape  Malapasqua 

10  42 

63  4 

Cape  Three  Points 

10  46 

62  44 

Point  Galem  • 

10  45 

69  33 

Point  Pena  or  Salian  . 

10  44 

61  53 

Dragon's  Mouth  . 

10  41 

61  48 

Rircr  Gaurapiche,  ent. 

10  12 

62  43 

Point  Mono  . 

9  54 

61  58 

Oronoco  Rhm  • 

8  95 

60  -26 

Cape  Bnnm  , 

S 

60  4 

Bsseaucbo  River 

7  00 

53  2U 

DEMERARA  riTer,enL 

« 

Corrobano  Point 

6  48 

57  58 

River  Bcrhire,  Ent. 

6  20 

57  11 

§ 

T 

SURINAM  River,  ent. 

5  5S 

55  15 

Paramaribo  . 

5  49  J 

55  15 

v> 

3 

r\ 

R.  Marouri,  entmneo  . 

5  50  1 

53  59 

CAYENNE 

4  56 

:.2  15 

Oyapock  River,  8t  Uniis 

3  51 

51  10 

Cape  Orange 

4  12 

51  20 

R.  Castipoar,  entrance 

3  54 

51  10 

Cape  North  . 

1  48 

50  10 

Mouth  or  River  Aaai on 

0  18 

50  00 

Cape  Maguany  . 

0  17S. 

17  r.6 

Point  Tagiocn  . 

0  33 

47  28 

Para  •      •      •  • 

1  98 

47  58 

Bay  Maracuno  . 
Caite  Harb. 

0  37 

47  10 

0  47 

46  33 

Cape  Gurapi 

0  42 

45  22 

Shoal 

0  59 

43  40 

Island  of  St.  Joao  . 

1  17 

44  13 

Bay  of  Mt.  Luis 

1  5 

43  IS 

Bay  dc  Cabalo  dc  Vellia 
Point  of  B.  Alius 

1  30 

43  54 

2  3 

13  44 

Itaculuml    .  • 

9  7 

43  50 

S.  Marcos    .  • 

2  27 

43  40 

Va.  dc  Alacantra 

2  22 

43  47 

Su  Luis  dc  Maranham 

9  29 

43  40 

Coroa  Grande,  or  Greal 

Crown  Banks,  N.  E. 

Point 

2  12 

43  19 

Fin  dosLancoesGraodes 

2  19 

42  40 

!•  Sc*  Ansa 

2  18 

43  5 

Bay  of  BioPonnicas  . 

Iquarastt  ent.  nmhailM 

2  93 

49  4 

2  44 

!1  20 

Jericoacoara 

2  44 

10  i:, 

Coras  de  Caracu  . 

2  48 

39  ii 

|.%lonBt  Mebttieiu  Point 

3  7 

39  7 

Searra       .      ,  . 

3  32 

38  27 

;Bay!giiapc  . 

3  40 

3^  14 

Roccas  (dangerous) 

3  52 

33  26 

St  Loronto  • 

3  57 

37  52 

Point  Daoirl  • 

4  49 

37  24 

Baxosde  Srilino  • 

4  40 

:^7  00 

Point  Pcdras 

.ib  J3 

Cape  St.  Rooue  . 
River  ParaliM»  OBt.  . 

5  6 

35  38 

6  48 

35  10 

I.  Taraarica     "  . 

7  46 

31  r.7 

Pemambuco 

8  n 

35  2 

Capo  St.  Aagustine 

6  g9 

34  51  , 

Rio  St,  Francisco 

10  ar 

is  4  - 

Digitized  by'Gopgle 


TABLB  XLVt.  Latituto  and  Longitiito 


if(0m  to  icf  Ciipf • 


3 


Lat. 
0.  M. 

15  IS. 

14  52 

16  40 
18  00 

20  11 

21  59 

22  '22 
22  35 
22  44 
2S 


e 


ST.  SALVADOR  (Cape 

St  Aatoaio)  . 
I.  du  Ilhoc 

Porto  ^pgiiro 
\brohlo4  liilandit 
Hspiritu  ^Miio 
Cape  St.  Tiiornoa 
"t.  Ann's  I-^/antN 
John's  Is.  St.  Ann's  Bay 
Anchor  Island 
CAPS  FRIO 
Monks  IslAiidt 
Point  Nc^jra 
Maurice  hiands  . 
Razor  I.  otr  R.  Janeiroi23 
Point  SL  Cruz  . 
liV)  fKNElROhtlb. 
^u^hr  Loaf 
River  Guaratilm  . 
Point  Mtniiiteja 

I.  CJrinde  S.  P.  , 
Point  Jonntinga  . 
I.  St,  Sebastian,  N.  P. 
— "  8.  P.  • 
Mount  Trigo 
!>t.  Catherine's  Island 
Porto  St.  Pedro  . 
Capo  St.  Mary  . 
I .  Loboi     .  • 
Maldonado  bttboOT 
Point  Piodrai 
MONTE  VIDEO 
BUENOS  ATRfiS 
Cape  St.  Antonio 
C'apr  Lohoa 
Cape  Corientes  . 
Point  de  Neuva  • 
^t.  Helena  . 
St.  (nor«;c»t  Bay,  C 

Corlova  . 
Cape  BUnco 
Point  Detin 
Port  St  Julian,  ent 
St.  Cruz  harbour 
Ca|>e  Fainreatber 
Cape  Virgins,  northern 

point  of  entrance  to 

Magellan's  Straits 
Cupe     r.apirilo  Santo 

(aoutli  point  of  en- 

trance  to  do.)  . 
Terra  del  FucgoC.Penas 

—  Cape  St.  Oiego 
Stutca  Land 

—  C.  8t  John,  east- 
ernmost land  nearC. 
Horn 

—  C.  St.  ^Bartholomew 

—  C.  del  Medio  cntr. 
toLe  Maire's  Stnits|54  49 

New  Island  E.  part 
Evoufs  Island,  miildlr 
BeniabeUs  Ulanda,E.P. 
CAPS  HORN.  Soatb 
part  of  Binail*!  IsL  S5  58 


1 

59 
23  00 
23  2 
5 

22  57 
22  52 

22  58 

23  10 
183  17 
23  22 
•23  27 
23  36 
183  58 
93  59 
27  32 
32  9 

34  39 

35  2 

34  56 

35  29 
34  54 
34  37 

36  21 

36  55 

37  59 
42  55 

44  30 

45  45 
47  15 

.147  45 

49  7 

50  19 

51  34 


58  84 


58  40 

53  45 

54  37 


54  48 
54  57 


55 


17 

32 
44 


ton?:. 
D.  M. 


38 

38 
39 
38 
39 
40 
U 
12 
41 
48 
42 
42 
42 
43 
43 
43 
43 
43 
143 
44 
44 
45 
145 
45 
48 
52 
53 
54 
54 
57 
56 
158 
56 
56 
57 
164 
65 

67 
65 
166 

67 
68 
6a 


S8W 

50 
00 
22 
39 
40 
46 

5 
50 

6 
29 
41 
56 
16 
16 
18 
17 
39 
58 

9 
22 

2 

8 

4 
00 

2 
58 
42 
50 

2 

4 
84 
45 
47 
39 

9 
87 

25 
57 
2 

42 
29 
59 


68  25 


68 
67 
65 


63 
64 

64 

66 
66 
66 


r 


26 
29 
5 


42 
39 

48 

25 
47 
46 

81 


Iv. 


CAPE  HORN 


Lat. 
tD.  M. 

55  588 


I.  Dicgo  Kamifci  S.Mrt  56  32 
^  N.  part  .  56  85 

I.  St.  IhlcfonsoS.  P.  .55  56 
Terra  del  Fuego 

—  False  Cape  Horn     •  55  42 

—  Yorkioioster   .       .  55  27 

—  C.  OHraeestBK.       •154  7 

—  Cape  Pinars  S.  W. 
entrance  to  Magel- 
lan's 'Straits 

ETangeiist  I.  W.  antr. 

Magellaa*^ 
Cape  Victory  , 
Cape  St  Jago  • 
Cape  Three  Pointi 
C;ipe  Corso 

I.  Catnpana  N.  W.  point 
Cape  Tres  Monies 
Cape  Taitaohaohuon 
I.  Hoafe  W.piit 
P.  Quilan    .  • 
P.  St  Carlos 
P.  Qnedal  . 
P.  de  la  Gilen  • 
VAI.DiVlA, 
P.  Tirua  . 
I.  de  la  Mocha  W.  part 

St.  Maria  Islands  N.  P. 
 S,  p. 

CONCEPTION,  iity  ! 
Talcahuano.  port  of  do. 
Santiago 

VALPARAISO,  port  . 
Point  Ballena  • 
Coquimbo    •  • 
Huasco       .  • 
Copiapo 

P.  Negra     .  • 

Isl.  St.  Felix,  Baitm- . 

—  ^^ « stern 
I.  Blanca 
Mocro  Mofono 
Morro  de  MeiHODM 
Point  Tames 
Jaguey  dc  Haquisa 
P&telfondaPlea 
Point  Piedrat  • 
Point  PlMgua 
\rick  •  . 
Point  de  ColcS  . 
Ilo     •      .  . 
Point  Cocaejo  '  . 
Cumana 

.\tico         •  • 
R.  ^t  Joan 
T.os  Amigot  Pobt 

Pisco  •  • 

Caneta       .  • 
P.  Cbilca  . 
I.  St  Lonnaob  W.  P. 
LIMA 

CALLO,  sea  port  of  Li 
Dia 

JjJPejcadkMTj^W 


58  43 

58  34 
52  25 
50  54 
f49  46 

49  26 
48  00 
46  59 
45  51 
00 
43  41 
41  49 
41  5 
39  54 
39  51 
38  29 
38  20 

36  59 

37  5 
36  49 
36  41 
33  27 
33  1 
31  50 
29  56 
28  26 
187  10 
26  24 
26  20 
26  16 
24  56 
183  18 
23  4 
22  33 
21  50 
180  58 
20  5 
19  26 
18  27 
17  48 
17  38 
16  41 
16  17 
16  S 
15  15 
14  27 
13  46 
13  1 
12  33 
118  5 
12  3 

12  2 
1  46 


74  57 

75  5 
1  57 

75  30 
75  45 
75  45 
175  19 
75  27 
75  28 
74  48 
74  21 

73  53 

74  9 
73  46 
73  33 

73  46 

74  5 
73  41 
73  42 
73  9 
73  18 

70  43 

ft  rr- 

71  14 
71  19 
71  15 
71  8 
70  56 

79  47 

80  3 
70  36 
70  38 
70  28 
70  10 
70  9 
70  16 

0  13 

0  19 

70  19 

1  14 

71  13 

72  4« 

73  21 
173  47 

75  14 
6  8 
'6  12 

76  27 
76  43 

n  9 

76  55 

77  4 

&LiSe 
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TABLE  XL^t  lAtSMMftndLmgiMa. 


.  M. 
16  2N 


Of 


I 


Los  HonBigM  blaadi 

I.  Pelada 

Island  St  MtftiB* 
FoiQt  SanUoder  . 

Rock  seen  in  1792 
Forrol  (entrance) . 
Truxillo 

I.  Maltbrigo  (port) 

Isl.  Lobos  de  Mer  . 
I  si.  Lobos  dftTism 
Eten   .       .  * 
Point  de  Ajuf^  • 
Point  Payla.'  . 
Capfi  Blanco  . 
P.  MaJpelo  . 
GUAVAQUIL  City 
I.  Puna,  9.  W.  F.. 
Point  St.  HflM  . 
L  Priado     .  . 
Point  del  Callo  . 
L  d«1«PJ8tii,W.F. 
CapeSt  LoMSO 
Monta  • 
Cape  Pasado  . 
Quito  .       .  • 
Arbol  •      •  • 
Cape  St.  Fraodaeo 
P.  de  la  Galera  . 
R.  Esmeraldaa  entranc 
P.  Mangles  ,  • 
L  Tuawo  •      •  . 
P.  Guawrama 
I.  Gorgona  middle 
Rirer  Cajambriei  eat 
1.  de  Malpelo  • 
I.  de  Polmas  • 
P.  Chiramliira 
Cape  Corientes  . 

LijBOBM 

p.  St  Franci 
P.  Garachine  . 
PANAMA  . 
P.  Mala 

Penrcos  Point  • 
L  Quibo,  N.  P.  . 
Los  Ladrones 
Point  Burica 
Gulfe  Ddco,  W.  P. 
1.  CanoontoffBi^liib 

harbour  . 
Cape  Herradora 
Cape  Blanco 
N  icoja  • 
Morro  Hennoso 
P.  St  Catharine 
St.  John's  Har. 
Poinl  DMolado 
I^eon  .  • 
Reakyo 
Aserradorcs. 
Point  Cosisniiia 
Point  CandadiUo 
Sacatecoluca 
Point  Remedios 
P.  Gautimala 
Puerto  Ventosa 


Lat. 

Lung. 

D.  M. 

D.  M. 

.  1 1  56S. 

77  48VV 

Apualco 

.  11  87 

77  41 

ACAPULCa 

.11  8 

77  30 

Capo  CorieatM  . 

.  10  39 

77  41 

St.  Bias 

.10  48 

78  48 

Trc^  Marias . 

.  9  7 

73  30 

8t.  Joseph  . 

.  8  8 

78  53 

Cape  St  Lneas    •  4 

.  7  48 

79  2i 

Morro  Hermosa  * 

.  6  58 

80  44 

Redondo  Island  . 

.  6  34 

^0  46 

Bay  St  Francisco  • 

.  6  $6 

79  49 

B.  Todos  Santos  • 

.  5  09 

SI  4 

Port  Diego  .  • 

.  5  3 

31  2 

Point  Conception  • 

.  4  19 

81  6 

Montrrey  . 

.  3  32 

SO  17 

Port  St  Francisco 

.  t  19 

79  42 

Cape  MendocMO  • 

.  3  4 

30  8 

Port  Trinidad 

.  2  10 

SO  48 

Cnpc  Blancf)  or  Ocfoid> 

.    I  ifh 

m  :ih 

c 

(^ape  Gregory 

.  1  23 

so  34 

c 

Cape  Foolweather 

.  1  18 

80  67 

Tape  Rond  .  » 

.  1  4 

80  43 

Cape  DisappointOMOl  . 

.  0  57 

80  32 

Cape  Flattery 

.  0  27 

90  20 

'J 

-* 

Breaker'5  Point  . 

.  0  18 

78  18 

NOOTKA  . 

.  0  15N 

79  48 

Woody  Point 

.  0  39 

79  52 

•9 

Bay  St.  X.onU 

.  0  48 

79  51 

bles  de  Sartiuc(orSc(ittt) 

t  0  58 

79  23 

• 

Cape  Scott  . 

.  1  dSt 

78  59 

Cape  Caution 

.   1  47 

7S  38 

Cupc  H<'rtor  or  James  . 

.  2  29 

78  23 

Bay  de  la  Touche . 

.  2  53 

78  7 

Cape  Henry .       •  . 

.  3  19 

Tf  8 

Bay  d|  Clmdurd  . 

Point  North . 

.   3  55 

80  4 

.  3  57 

77  7 

Cape  St.  BartolottO 

.  4  13 

77  15 

Cape  Ommanej   •  • 

.  5  34 

77  15 

PortGuU>ert 

.  6  3 

77  11 

Port  Neekar 

9  6  49 

77  47 

C.  Cni^no  or  Fdgeeonb 

.  9  8 

78  12 

Port  Ciaiidaloupc  . 

.  8  57 

79  22 

Port  dc  los  Remedios  . 

.  794 

79  53 

Cape  Cross  .  . 

.  7  13 

80  18 

Port  des  Franrni^ . 

.  7  41 

31  37 

Capo  Fnirweathcr 

.  7  52 

82  30 

BeUring  a  Bay 

.  8  3 

82  50 

Polfit6e  H  BoQssole 

.  8  99 

8S  18 

Mount  St.  Etia?  . 

Cape  1  linchingbroko  . 
Cape  Elizabeth  . 

.  8  48 

83  51 

.  9  37 

84  21 

Barren  Isles . 

.  9  98 

84  41 

Point  Banks  • 

.  9  42 

84  57 

Cape  Douglass 

.  9  45 

85  5 

Cape  Wbtt'unday  ; 

.  10  28 

85  42 

Cupe  Grenville 

.11  23 

95  44 

Trinity  Islands  • 

.11  49 

86  40 

Foggy  Island 

.  12  22 

86  46 

Halibut  Head  Island 

.  12  27 

H7  5 

Ounala^dika  Island,  N.P. 

.  12  35 

87  20 

Bristol  R.  entraneo 

.19  53 

07  37 

Round  Island 

.13  7 

07  57 

*> 

V 

c 

Cape  Newnkn  • 

.  13  26 

88  47 

Shoaln^'ss    .       .  .  . 

.  13  30 

89  42 

i 

Cape  Stephens    .  • 

.  13  54 

90  53 

QQ 

Cape  DenM^     •  • 

.ilb  6 

•21 


30 
'^8 
4 
44 
27  46 

29  49 

30  23 

31  46 

39  99 
34  39 

36  38 

37  49 

40  19 

41  3 

42  53 

43  26 

44  53 

45  43 

46  19 

48  24 

49  24 

50  6 
50  34 
50  56 

50  48 

51  12 

51  57 

52  42 
59  53 

53  53 

54  20 

55  12 

56  12 
56  S8 

56  43 

57  2 
57  10 
57  94 

57  57 
;>8  37 

58  55 

59  18 

59  50 

60  23 
5 

59  9 

59  00 
58  41 
58  56 
58  15 

57  33 
56  96 
56  10 
54  27 
53  55 

58  12 
58  29 
58  34 

60  00 

63  33 

64  17 


Long. 

n.  M 

96  52i\ 
00  54 

05  ^5 
04  50 

06  '29 

09  42 
tl99  64 

14  41 

15  10 

15  36 

16  99 
16  59 

20  6 

21  43 
122  14 

94  7 

23  54 

24  25 
94  6 
94  00 
23  43 

23  59 

24  31 
26  26 

26  90 

27  43 

28  14 
28  50 
98  90 
♦27  52 

31  7 

32  10 

33  97 
33  21 
33  15 
33  38 

J134  35 
135  00 
35  4 
35  50 
35  43 

35  43 

36  24 

37  20 
37  52 

39  00 

40  55 

10  45 
4t>  16 

51  28 

61  46 
53  6 

52  50 

51  46 

52  00 

53  40 
56  Ift 

62  30 

66  12 

67  S3 
-.9  53 
61 

61  62 
69  17 
61  'i3 
66  37 


uiyiiized  by  Google 


TABLE  XLVI.   Latitudes  and  Longitudes. 


Cape  Prince  of  Wales  . 
Ca|)€  Mulgrave  . 
Cape  Lisburne 
ICV  CAPE 


Lat. 
D.  M. 

65  45N 
67  45 
<>9  6 
70  29 


Lonz. 
D.  M. 
16S  17W 
165  12 
165  22 
161  42 


V.    From  Ike  River  St.  Croix  to  Cape 
Ctmsor. 


Lat. 
M.  D. 

Entrnnce  of  St.  Croix 

Kiver      ,  .45  7N. 

Mocgonc's  L  (entrance 

of  St.  John's  River)  .45  19 
Cape  Spencer  .  .45  17 
C.  Chig^iecto  (entrance 

Bason  of  mines)  .  45  24 
Haute  Island  .  .  45  19 
Annapolis  Royal .  .  44  47 
Urcyer's  Island  .  .44  19 
St.  .Mary's  Cape  .  .  44  10 
Cape  Fourchu  .  .  43  62 
Seal  I»les  .  .  .  43  27 
CAPE  SABLE  .  .  43  26 
Sable  island  E.  point  .  44  5 
—  W.  ditto .  .  .  44  3 
Port  Rose  way  .  .  43  40 
Port  Mansfield  .  .  43  50 
Gambier  iiarbour  .44  00 
LIVERPOOL  .  .44  5 
Isle  of  Hope  .  .  43  53 
Port  Jackson  .  .  44  13 
Charlotte  Bay  .  .  44  34 
C.  Sambro  light  house  .  44  30 
HALIFAX  Harbour  .44  36 
Port  Stephens  .  .  45  00 
Sandwich  Bay  .  .  45  8 
Torbay  .  .  .45  12 
Port  Howe  .  .  .  45  13 
CAPECANSOR.       .45  18 


Long. 
D.  M. 

67  8\\ 

66  4 

65  52 

64  49 

64  51 

65  oO 

66  25 
66  8 
66  4 
65  55 
65  32 
60  3 

60  31 
65  13 
64  52 
64  41 
64  40 
64  39 
64  27 
63  63 
63  32 
63  28 

61  69 
61  36 
61  16 
61  6 
60  56 


VI.    The  Gid/of  St.  Laicrence. 


Lat. 

Long. 

D. 

M. 

D.  M. 

Chcdabucto  Bay  . 

45 

23N. 

61  00\\ 

(iut  of  Cansor,  S.  cnt. 

45 

28 

61  13 

Cape  Hinchinbroku 

45 

34 

60  40 

Cape  Portland 

45 

48 

60  3 

LOLISlUKCiH  . 

45 

54 

59  55 

CAPE  BRETON 

45 

57 

59  48 

Scattcry  Island  . 

46 

1 

59  41 

Flint  Island . 

46 

9 

59  4a 

Spajii^h  Bay 

46 

18 

60  10 

Port  Dauphin 

46 

23 

60  30 

Cape  North  Island 

47 

6 

60  28 

Cheticun  Harbour 

46 

42 

60  58 

Sea  Wolf  Island  . 

46 

27 

61  12 

I'ort  Hood  . 

45 

58 

61  35 

'intan  Corp  Island 

45 

56 

61  37 

LiLT  OF  CANSOR, 

North  entrance 

45 

42 

61  27 

Cape  St.  George  or  St. 

Lewis 

45 

52 

61  55 

I'icton  Uland 

45 

51 

62  27 

'^'rtp'-  l  ormentine 

16 

9 

63  36 

» 


Richibucto  Harbour 


St.  John's!.  (N.  Cape). 
West  Point . 
Cape  Egmout  . 
Halifax  Bay 
East  Point  . 
Bear  Cape  . 
Hilsborough  Bay  . 


P.  Escuniiuac 
Miscou  L  (entrance 

Chalcur  Bay)  . 
Cape  Despair 
NIand  Bonaventurc 
Flat  Point  . 
Cape  (Jaspe 
Cape  Hozier 
Magdalen  RiTer  . 
St.  Ann's  River 
Mount  Camillc 
I.  dc  Bik  in  the  River 
Lawrence 


of 


St 


I.  of  Anticosta,  E.  P. 

—  Jupiter's  River 

—  S.  \V.  ditto  . 

—  West  ditto 

—  North  ditto  . 
Dcadinan's  Islaod 
Entry  Island 
Amherst  Isl.  S.  W .  P. 
Magdalen  Isl.  N.  E. 
Biron  Lsland 

Bird  Island  . 

^»t.  Paul's  Island  . 


P. 


1  _4 

Lat. 

Long.  1 

V.  M. 

D.  M. 

46  44N. 

64  36W 

47  5 

63  4.1 

46  37 

64  10 

AC  AO 

63  51 

*L.  *>e 

4o 

63  36 

4d  27 

6l  48 

*c  •> 
4d  3 

68  19 

*c  c 
4o  b 

62  55 

47  3 

64  33 

48  3 

6-1  15 

48  27 

63  58 

48  32 

63  50 

48  3S 

63  50 

JO  A1 

4o  47 

63  52 

AQ  &A 

63  54 

4*J  13 

64  42 

4*J  vJ 

CC  a 

bo  8 

4o  37 

o7  4a 

CQ  a  « 

bo  24 

ACk  Q 

Cl  At\ 

bi  40 

4^  iO 

b3  25 

4^  322 

C9  A* 

b3  23 

t>4  ]b 

49  53 

63  54 

47  17 

61  5S 

47  15 

61  24 

47  12 

61  44 

47  41 

61  5 

47  53 

61  10 

47  55 

60  46 

47  11 

60  4 

VII.  J^etpfoimdlantL 


Lat. 
D.  M. 

Limits  of  the  Great  Bank 

of  Newfoundland,  N. 

point             .  .  50  15N 

—  South  point    .  .  41  00 

Outer  Bank        .  .  47  00 

Cape  Norman     .  .  51  42 

Seal  I»lands        .  .  51  22 

Point  Ferolle      .  .  51  5 

St.  John's  Bay    .  .  50  58 

Point  Riche.       .  .  50  46 

Ingomechoix  Bay  .50  39 

Bon  Bay     .       .  .  49  36 

Cape  St.  Gregory .  .  49  28 

South  Head.       .  .  49  10 

Cape  St.  George  .  .  48  30 

Cape  Anguillc     .  .  48  00 

Cape  Ray    .       .  .47  35 

Connor  Bay       .  .  47  39 

Burgcj  Island     .  .  47  33 

Raiuea  Islands    .  .  47  32 

Penf^uin's  Islands ,  .  47  24 

Fortune  Head     .  .  47  9 

Burnt  Island       .  .  47  16 

Great  Miquelon  .  ,  47  5 

Langley  Island  .  46  50 

^t.  Peter's  IsUnd  .  46  46 


Long. 
D.  M. 


49  45Vi 
62  00 
45  00 
56  00 

56  50 

57  11 
57  23 
57  88 

57  88 

58  5 

59  28 
59  33 
59  18 
59  19 
59  15 
58  00 
67  37 
57  25 
57  00 

55  51 

56  00 
56  84 
56  94 
56  15 


TABLE  XLVI.  Latitudes  and  LoDgitiides. 


D.  M. 
57  OOWl 

56  52 

56  47 
o6  30 
55  5S 

55  30 

57  36 

56  50 
60  50 
60  55 

60  50 

61  20 
61  50 
63  00 
63  19 
63  37 
65  20 
65  5 


Point  May  . 
CbapeouROUgi  . 
Mortier  Rocki 
Mortier  Harbour . 
Red  Island,  S.  P. 
Virgin  Rocks   .  *  ■ 
Point  Brebin  • 
Cape  St.  >tar3r  . 
St.  Mary's  Bay  • 
Cape  Pine   .  • 
C.\PE  RACE  , 
Cape  Race  Rockf 
Cape  Ballard  . 
Cape  Broylo 
Bay  of  BoD . 
Cape  Spear .  • 
St.  John's  Harbour 
Cape  St.  Francis . 
P.  of  Grates . 
Trinity  Bay 
Cape  Bonavista  . 
Barronr  Harbour . 
Punk  Island  • 
Cape  FMda 
Woodham  tabndi 
Gander  Bay  . 
Fago  Island  • 
TwiUingate  Islanda 
Bay  of  Notre  Ilanin 
Cape  St  John  • 
Horse  Islands 
White  Bay  . 
Hooping  Harimir 
Green  Island  • 
fJro  u.^  tlitto 
Hare  Bay  entrance 
St.  Anthony*8  Cape 
St.  Lunaire  Bay  • 
Cape  Degrat  • 
Bell  Isle 


Lat. 
D.  M. 

46  56N 
16  58 

47  3 
47  10 
47  34 
47  11 
47  2 
46  52 
46  50 
46  44 
46  40 

446  SO 

46  49 

47  8 
47  91 
47  30 
47  33 

47  57 

48  22 
48  30 
18  56 

48  52 
50  1 

49  34 
49  54 

49  44 

50  00 
50  S 
MOO 
50  10 
50  24 
50  19 
50  46 
50  47 

50  56 

51  17 
51  90 
51  29 
51  43 
51  59 


Long. 

D.  M. 
56  2VV 
65  %S 

54  57 

55  3 
8 
3 

12 


54 
54 

54 


54  00 
53  40 
63  25 
52  54 

51  30 

52  42 
52  35 
59  98 
52  20 
52  25 
52  30 
52  32 
52  50 

52  35 

53  00 

52  12 
58  55 

53  30 
53  55 
53  54 
154  35 

55  30 
55  30 

55  48 

56  15 
|S6  13 
55  35 
55  38 
55  50 
55  36 
15  30 
55  30 
55  30 


vm,  Fnm  QMibtc  to  UudwtC*  Bay, 


QUEBEC  . 
Cotidraa  Iiland  • 
St.  PauPs  Bay  . 

Bay  of  Rocks 
Point  Mille  Vache 
Manicougan  Point 
Cape  Nicbolaa  • 
Cape  Montpelles  • 
Trinity  Cove 
The  Se?eD  Islands  Bay 
St.  J6hn*t  River  . 
Mingan  Island 
Efikimaux  Islands 
Mount  Joli  .     *  • 
Boat  IsllAds 
St.  Mary's  Islands 
Little  Mecatina  ditto 
Great  Mecatina  Point 
St  Augustine  Bay 
EskHnanx  Bff  • 


Lnt. 
D.  M. 

46  4tiN 

47  15 

47  16 

48  00 

48  45 

49  11 
^49  S3 

49  25 

49  30 

50  10 
50  90 
50  16 
50  13 
50  5 
60  00 
50  8 
50  29 

50  45 

51  15 
51  98 

.  51  24 


Long. 

D.  M. 
71  5VV1 
70  19 
70  24 
69  42 
68  38 
67  4S 
67  10 
66  51 
66  48 
66  00 
63  55 
63  35 
62  55 
61  28 
60  94 
59  50 
59  27 
59  8 
58  50 
57  30 
57  18 


s 
c 


51 
51 
52 


j4 


Forteau  Bay  • 
RedClills  • 

Black  Bay  «  • 
Red  Bay 
York  Point 
CapeChnvles 

Great  Bay  of  Bddmaifli|54 

Cape  Harison 
St  Peter's  Harbour 
Inchanted  Cape  . 
Saddle  Islands  • 
East  Island  .  • 
Steel  Point  . 
Cardinal's  island  . 
False  Black  HMA 
Black  Head 
Cape  Chid  ley 
Button's  Islands  . 


Lat. 
D.  M. 
51  32N 
51  36 
51  43 
46 
59 
13 
20 
54 
56  28 

56  40 

57  13 

57  45 
59  7 

58  50 

59  20 

59  50 

60  14 
60  47 


Cape  Resolution  . 
Saddle  Back  bland 
Upper  Savace  IsUnd 
North  Bluff. 
Capes  Charles 
Cape  Dorset 
Cape  Pembroke 
Cape  VVnisioghaa 

Cape  Dip^cs 
Salisbury  Islands 
Mansfield  Isl.  N.  part 

—  S.  part 
Cape  Soutkanpton 
North  Sleepers 
West  Simpers 
Portland  Point 
Baker's  Dozen 
Bclrhcr's  N.  point 
James'  Bay 

—  Cape  Henrietta 

—  Cape  Jones 

—  Bear  Isle 
-  North  Cubb 

—  The  Twins 
^  Albany  Fort 
Moose  Fort 
Charlton  Island 
VorkFort  . 
Cape  Churchill 
P.  of  Wales*  Port 
Marble  Island 
Cape  Dobbes 
Cape  Walsingham 
Dyer's  Cape 
Sanderson's  Hope 
Cape  Bedford 
Waygatc  Island 


TatT 
D.  M. 

61  29N 
.69  7 

69  S9 

62  34 

62  46 
64  50 

63  00 
62  39 

62  41 

63  29 
62  38 

61  35 

62  10 
61  38 
60  8 
89  00 
58  5 
|56  90 


55  10 

54  50 
54  34 
54  20 
53  13 
52  14 
51  16 


52 
57 


3 
2 


59  48 
58  48 

62  33 


65 
64 


00 
5 


65  20 

66  18 
66  55 
70  40 


IX.  Uudwn'B  Bay  and  StraU*, 
vW  atrmUt, 


and  Da- 


Long. 
D.  M. 

65  16W 
68  13 
70  48 
70  56 
74  15 
77  12 

89  36 

77  43 

78  50 
76  47 

90  33 

91  00 
86  3 

79  45 

81  36 
79  30 

79  30 

80  15 

99-90 

78  54 
HI  21 
80  48 
80  35 

82  00 
80  56 

79  55 

92  3S 

93  ir 

94  14 
91  6 
86  42 

66  10 

66  15 

68  10 

69  30 
44  13 


X.  Greenlatid, 


Muskito  CoTC 
Qotkaahent.oflt  Bal. 


Lat 
D.  M. 

64  55 N 
164  10 


Long. 
D.  M. 

52  5rv\ 

51  47^ 


uiyiiized  by  Google 


tJjtLKi  XXaVL  2«titades  and  Lodgitiides. 


Bear  SiMind . 
MMb  '  •  .  . 
Tape  Farewell 
Whale's  Island  . 
UegouneM 
BoDtokoe  Milid  . 
One!  HamVes  Bay 
John  Mayen^B  Island 


I>at. 

T.ong. 

D.  M. 

I).  M. 

.  63  20N. 

49  lOW 

.63  5 

48  V 

.59  38 

12  42 

.  62  30 

4.^  15 

.65  3 

29 

.7S  15 

7  6 

& 

.75  00 

6  51 

.71  10 

9  49 

XI.  letlmMU 


Lat 

Long. 

D 

.  M. 

D.  M. 

Cape  Rciktllliii  .• 

63 

55N. 

22  47 \% 

Ilcsscsted 

64 

6 

21  54 

Mount  Suac«cU , . 

64 

52 

23  64 

i*atriillofd  ,    '  t 

65 

36 

U  10 

Strauniness 

65 

40 

24  29 

N  orth  Cap© 

66 

34 

22  10 

liola  .      •      •  . 

65 

44 

19  44 

66 

57 

19  IS 

Kil»6or4  • 

66 

.30 

17  35 

66 

25 

16  19 

Liichui»en  Island 

64 

80 

14  15 

U  rceland  ditto  * 

63 

56 

18  19 

Cape  Hoekla 

63 

S2 

19  54 

Wefll]utt>s  latend 

6a 

20 

20  2S 

^outh  Cape  • 
Fair  Foreland 
Amsterdam  Isl.  (Hack- 

luyt'a  Head)  . 
^Inecrenburg  HulNRtr . 
V  crlegen  Hook  • 
Hope  Island 
Sear  or  Cherry  Island  . 


Lat. 

D.  M. 

76  32N 

78  63 

79  46 

79  44 

80  7 
76  30 
74  62 


Long. 

an 

13  45E. 

8  45 

9  49 
9  51 

16  50 
20  28 

14  45 


iUll.    English  Const  from  Ijmdon  to  St. 
Mary's  L^ht  (HciUy.) 


Lat. 

D.  M. 

• 

• 

51  31 N. 

^RKBNWICH  Ob^ 

• 

51  39 

A'oolwick  • 

• 

• 

51  30 

I'urfltet  , 

. 

• 

51  30 

iravesend  . 

4 

• 

51  28 

(tochtfter  • 

ft 

• 

51  23 

^heenmi;'  • 

i 

• 

61  27 

Vore  . 

• 

• 

51  28 

N.  Foreland  light 

• 

51  22 

S.  Foielaud  li^ti 

• 

51  8 

DealCutit 

• 

• 

51  IS 

DOVER  . 

• 

51  8 

Dunpeness  . 

• 

50  65 

tlastii^ 

• 

• 

50  63 

• 

• 

SO  44 

BrigbtOB  « 

• 

50  50 

>horeham  • 

• 

50  50 

\rundel  » 

• 

50  53 

SelwyBilt  . 

• 

• 

50  43 

• 

50  40 

Long. 
D.  M. 
0  6\V 
0  OOE 
0  4 
0  19 
0  32 
0  32 
0  44 

0  51 

1  27 
1  22 
1  34 
1  19 
0  58 
0  36 
0  15 
0  6W1 
0  16 
0  35 


Lat. 
p.  M. 


'3 


POBTSMOUTH 

Town      .  • 
Isle  of  Wight 

—  Cowea    .  •  5Q 

—  Bcmbridge  Ledge  or    .  VP 
Point  .      .  .50  41 

T—  Durmoi^c        .  .  50  37 

—  St.  Catharine's  Ft.  .  50  35 

—  Needle's  lights  .  50  40 
Hurst  light  .  .  SO  43 
Poole  Harbour  .  .  50  40 
St.  mm's  HnA.  .60  33 
^^  e)^nouth  .  .  .50>6 
Portland  lights  .  .SO  Jl 
Exmoolh  Bar  .  60^58 
Torbay,  Hrny  Head  .  ^  24 
Dartmouth  .  .  .  50  l8 
Start  Point .  .  .  5^  13 
PnHll*8ditttf-  .  .90.13 
Bolt  Head  .  .  50  13 
Lddv5tone  light  .  .50  11 
Hand  Deeps  •  .-^^l^ 
Haw  Head  i  .  .  S6'  t9 
PLYMOIJTH  .  .  50  22 
Fowey  .  .  50  20 
Deadn\an>  Point .  .  50  13 
Falmouth  .  •  .  50  8 
ManelelRocka  •  ^50  S 
Black  Head  .  .  .  50  1 
IJZAKD  Point  .  .  49  58 
Mount's  Bay  .  .50.  8 
Penzance  .  .  . SO  13 
Kiinnf  I's  Stone  •  .  50  4 
Uolf  Rock  .  .  '  .49  58 
Land's  End  .  .  50  9 
St.  Agnes  light  (SciUy)  49  54 
St.  Mary's  ditto  .  .  49  55 
St.  Mnrlin'.i        .  .149  58 


i). 

1  16 


3 
11 

18 
34 
33 

59 
5 
27 
37 

21 

28 
3  33 
3  38 


1 
1 
1 
1 
1 
1 

2 
2 
8 

3 


42 
48 
15 
19 
13 
10 

47 
3 
1 
4 
II 
30 
33 


3 
3 
4 
4 
4 
4 
A 
4 
5 
5 
5 
5 
6 
5 
5  43 
5  56 

5  48 

6  19 
6  17 
6  15 


XIV.  French  Coaal /nmCalms  tv  Ushcmt 


CALAIS  . 
Cape  Giit  Nei 
Ambleteuse  ' 
BOULOGNE 
Etaples  • 
Montreal  . 
La  RocheQe  > 
Abbeville  1 
(irotoy 

St.  Valkvy,  R. 

Dieppe  light  • 
St.  >  alley,  B.Ganx 
Fecamp      .      .  < 
Cape  de  Caux 
Ciij»e  de  le  Heie  . 
HAVRE  DE  GRilCB . 
PARIS  Obs. 
Mouth  of  Seine 
HaiVenr  • 
Hoiiiieur  • 
Caen  . 
Bayeu 


0  48 


Digitized  by  Google 


TABLE  XLVI.   Latitudes  and  Longitudei.  £6l 


1 

1  at 

L.ong. 

\  at 

n  M 

D  M 

D  M 

Ol*  iuarCOll  IBISlllU 

0  10\V 

1  16 

M 

W 

54  27 

0  '20 

r'i4i.''URni  mciVM 

Vfiliun  owu  nvirx  • 

1  ^7 

It 

iV'hithv 

•  •  UlvUV            •            •  • 

rcicG  isiana        •  • 

AQ  An 

1  1A 

ivi>cr  1  ecs  i'l^uiu  • 

V^apC  lu  XlUgVlC       •  • 

1 

I  o\j 

*-  lUCiklUll        •            •  • 

54  18 

1  8 

A  l/l/>imsii7  1    N  t\/\inf 

f{ivpr  1^irfif>'4  Nimith 

^  J  lie  9  IvIUUVU 

9 

-> 

1 1  nr  n  (  o 

II^QlS          .           •  • 

'i'i  f% 
on  \t 

1  \^ 
X  10 

*iuerD9Cj  1.  w.  pQini  • 

O  A^ 

Lyinjuci  isinnu      .  . 

no  x« 

^nrK  1.     .  pouii  •  • 

AQ  "ift 

Z  <••> 

>f ./  oy 

1  4(1 

Jersey  Island  • 

I  Llli  llgQl                    •  • 

oo 

1  49 

IQ  1  n 

ounucriunu  puiui  • 

oo  0\J 

1  41 

*w 

(%»  Aitkin 

O  11 

iiuiv  isinnu          •  . 

'I'l  49 

Oit  ttb 

1  10 

-C 

4Q  ^ 

9  no 

BERWiriC 

K^l^Ab  If  M\J  MM,                  m  . 

55  47 

2  3 

"u 

•tq  oz 

1  du 

• 

'^OUlunCca              ■  . 

Ad  ^ 

Ol«  T^UU  9  I  ICilll       •  • 

O I 

9  A 

4  >  l^lk  ■  1  V  1 1 1 A 

1  <>o 

DKNRAR 

S6  00 

9  94 

1  X£ 

\1nv  lullnrl  licrkta 

filij  IsltillU  llgUlS  • 

^6  11 

o\t   1  1 

2  19 

iTiouni  71.  .Tiicuttci  • 

'13  ^ 

1  o<) 

1  hp  K*ica 

56  5 

2  1A 

•13  .iJ 

9  41 

~l.  iVlUlO         •             •  « 

«a  'jQ 

EDIi\(;Ri  rnnn 

1  19 

dM  <il 

0  91 

Fll  vnp<t« 

S6  11 

2  44 

St.  Bricux  . 

13  31 

2  42 

Fife  Ness  . 

56  17 

2  33 

Brcha:  hland 

48  50 

2  56 

St.  Andrew's 

56  21 

2  45 

Tregueir 

48  47 

3  15 

Mouth  of  Tay 

56  27 

2  33 

Morlaix 

48  35 

3  53 

Bell  Kock,  on  ditto 

o6  27 

2  22 

St.  Poi  de  Leon 

48  41 

4  00 

J-f  UIIUI1IIC9B  UEUlS  • 

9  41 

I.  de  Bas 

48  46 

4  2 

l\l  U  riCaU                a  . 

17 

9  94 

Roche  Bldnchc 

49  1 

3  58 

i'tonirosc     .        •  . 

OO  H 

9  91 

^^t.  Anthonjr'a  lights 

48  40 

4  29 

Tnri  Kfpafl 

1  uu  ncttii    *        .  . 

9  14 

U^HANT,  W.  point  . 

43  29 

5  3 

a 
o 

NFW  ARmncpv 

I  CtCI  llCUU                 •  • 

Biirhiin 

A^uu&Jall       Coo           .  . 

n7  Q 

3/  y 

^7  20 

n7  19 

57  94 
\MM  */y 

9  ft 

XV.  From  the  J^orth  Foreland  to  Dwi- 
cansbctu  Head. 

2  1 
1  44 
1  41 

LaL 

Long. 

RittrSp  (Ton/I 

1  4A 

D.  M. 

D.  M 

IKinnaird's  Head  . 

57  42 

1  56 

North  Foreland  . 

51  23JN. 

1  27t:. 

|Bamflr 

57  41 

2  27 

Kentish  Knock 

51  41 

1  40 

jFort  St.  George  . 

57  38 

4  00 

Long  Sand  Head  . 

51  45 

1  33 

Inverness 

57  32 

4  10 

Galloper,  N.  point 

51  52 

2  5 

Cromatrie  . 

57  43 

3  58 

—  S.  point 

51  41 

2  1 

Tarbet  Ness 

57  54 

3  44 

Shipwash,  N.  point 

52  00 

1  36 

Clythness  . 

58  20 

3  8 

—  S.  point  . 

51  53 

1  33 

Noss  Head  . 

58  29 

3  6 

Gaberd,  outer 
Orfordness  .       .  . 
Aldboro*  Knaps  . 
Southwold  . 

51  58 

1  59 

Duncansbay  Head 

58  40 

3  8 

52  5 
52  7 

1  30 
1  40 
1  39 

XVL  The  Orkney  Islands. 

52  20 

Lat. 

Long. 

e 

Leostoff  lights    •  . 

52  29 

1  46 

D.  M. 

D.  M. 

Yarmouth    .       ,  '  . 

52  37 

1  44 

Pentland  Skerries 

58  43N 

3  3V 

Winterton  Nets  lights 

52  43 

1  43 

Stromo 

58  43 

3  14 

Smith's  Knowl  . 

52  54 

2  20 

South  Ronaldsha,  S.  P. 

58  44 

3  5 

Hasborough  Sand,  S.  P. 

52  51 

1  48 

Copinsha 

Lam's  Head  on  Stromsa 

58  M 

2  47 

a 

—  N.  P.  . 

53  2 

1  35 

Sherringham  Shoals 

53  3 

1  20 

Island 

59  4 

2  40 

Hasborough  lights 

52  49 

1  34 

• 

North  Ronaldsha,  N.  P. 

59  23 

2  31 

Cromer  lights 

52  56 

1  26 

Mould  Head,  on  Papa 

Lemon  and  Ower,  N.  P. 

53  14 

1  58 

i 

Westra  Island 

59  21 

3  2 

r  s.  P.     .     .  . 

53  8 

2  00 

(hhicyh 

Noup  Head,  on  Westra 

Cromer  Bank 

53  11 

1  35 

Island 

59  18 

3  14 

Dudgeon  light 

53  15 

1  9 

Marwick  Head,  on  Po- 
mona Island 

Outer  Dowsing  . 
Inner  Dowsing  . 

53  33 

1  14 

59  6 

3  28 

%3  15 

0  44 

Stromness  . 

58  57 

3  26 

Lynn  Knock  • 

53  3 

0  29 

Hoy  Head,  on  Hoy 

^pum  lights 

53  38 

0  90 

Wells  Island  . 

58  55 

3  31 

Flamborough  Hea4 

54  9 

0  6 

Slue  Skerry  • 

59  S 

4  16 

Filey  Brig 

54  15 

0  IW 

Fair  Island 

59  29 

1  47. 

Digitized  by  Google 


TABLB  XLVL  Latttudcs  and  Lonf^tiides. 


■ij    I  HI  111 

Solwfty  VM 
CABLiaLB  ' 


I 


XVII.  ShtOand  Islands. 


Sunbro  Head,  S.  point 
Rose  or  Hangcliir 


Lat. 
D.  M. 
59  49N 
m  13 


BrasM  SiNUid,  LrtrwidceO  11 
Out  Skerriet  .*  ;  60  37 
Whalsey  Isle  .  .  60  32 
Ulst  Island,  N.  £.  P.  .61  7 
FouIIilftnd  .|80  8 


Long. 
D.  M. 
1  80AV1 

0  40 

1  00 
0  8 
0  32 
0  15 
t  16 


XVIII.  FerroIsUmds, 


Lat 
D.  M. 

Thr  Monk  Rock  appear* 

like  a  aliip  under  sail  <>1  16N. 
FucloeL  (N.  E.putofl 

Ferro)  .(Hi  IB 

East  point  of  Mygencs 
Island,  N.  W.  part  ofl 
Fcrro  Islands    .       .162  S 


LonS 
D.  M 

6  47W 
6  t 

1  3« 


XUL   From  Duncansba^  H§ad  to  Ihe^ 
Land's  End. 


•J 

a 


*  ir- 


Lat 

Long. 

D. 

M. 

.  M 

•    • '  a  • 

Duneanabay  Head 

58 

40N 

3 

8U 

Dunnet  Head 

58 

43 

3 

29 

rarout  ticaa      •  « 

58 

38 

6 

00 

Cape  Wrath»  or  Bam 

llead 

5S 

36 

6 

20 

X  Rock  seen  at  |  Ebb  . 

58 

45 

5 

21 

Rona  latoad 

99 

55 

6 

15 

Rockal       •       •  . 

57 

42 

14 

6 

St.  Kilda 

57 

51 

8 

56 

Butt  or  the  Lewis 

53 

29 

6 

34 

Gallen  Head 

5S 

10 

7 

10 

Flannen  Islands  • 

58 

13 

7 

30 

Ilyskere  Island  . 

57 

23 

7 

38 

South  Ulet  Island 

57 

S 

7 

10 

Minflralay  bland  . 

56 

43 

7 

33 

Baa  Head  .      •  '  . 

57 

90 

6 

44 

Cana  Islands  • 

57 

3 

6 

38 

Hclskcr  Island  . 

56 

56 

6 

33 

Rum  I.  W.  P. 

56 

59 

6 

26 

Tirey  Island,  8.  P« 

56 

30 

6 

63 

Coin.  NarChF.  • 

$0 

49 

6 

95 

Skerryvore  . 

56 

17 

7 

2 

Ilia  Island.  S.  W.  P.  . 

55 

47 

6 

24 

—  South  P. 

55 

39 

6 

10 

Moll  of  Cantira  light 

house 

55 

20 

6 

37 

I.  of  Arran,  S.  E.  part 

35 

31 

4 

07 

s 

Cumray  I.  entrance  of 

Clyde     •      •  • 

55 

47 

4 

4S 

GLASGOW 

55 

5S 

4 

16 

Elsa  Island  •  * 

55 

20 

4 

55 

i 

Iririn 

55 

39 

4 

30 

Air  Light  • 

I^di  RyaB        •  • 

55 
59 

86 
S 

4 
6 

28 
00 

Port  Patrick  Ufljht 

54 

48 

4 

58 

Mull  of  Galloway 

54 

37 

4 

45 

Great  Scarlslaod 

54 

40 

4 

36 

Burrow  Head  . 

54 

41 

4 

16 

Lat. 
D.  M. 

54  47N. 
91  54 


•5e 

a 


St.  Bee*s  Head  Light  .  54  90 

WUtaUaten  .54  38 

SelkerBaek-     •  .54  16 

Lancaster          ,  .  54  2 

Formby  Point     .  .  53  32 

LIVERPOOL     .  .53  22 

PoM  of  Ak  Light  .9990 

Great  Orms  Head  .  53  20 

Point  Unas  Lig|i|  .  53  34 

Skerries  Light    .  .  53  94 

Holyhead,  W.  P.  .  99'M 

Branchy  Pool  Head  .  52  47 

Bardsey  Island    •  .  58  44 

Barmouth  .       .  .  58  43 

Abcriswith  .       .  .59  83 

Cardigan  HaAour  .  59  6 

Stnunble  Head   .  .  59  1 

St.  David's  Head  .  .  51  55 

Ramsay  bland    .  .  51  52 

SnMpalti^boiwe  .»14» 
St.  Aiui%  dittoi  BfiMbrd 

Haren           ,  .61  41 

St  Gowan's  Head  .  51  33 

Caldy  bland       .  .51  40 

Worm's  Head  .  .  ^1  34 
Mumble's  Point  It  Ifght^l  34 

Nash  Point         .  .51  2b 

BRISTOL  .       .  .61  27 

Ftathofan  light  .  .51  23 
Lnndy  Island,  entrance 

of  Bristol  Channel  .61  10^ 

Mort  P.   entrance  of 

BriM  Channel  .51  n 

Hartland  Point   .  .51  I 

PndMtOAv     .       .  .50  35 

Cow  and  Caff     .  .50  33 

Towan  Head      .  .  60  25 

St  Ivt*aB^     .  ;.  60  IS 

Cape  Cornwall    •  •  .  50  8 

The  Seren  Stones  .  50  2 

The  Wolf  Rock   .  .49  53 

The  Land's  End  .  .  60  4 

 ^ 


XX.  Irelmd. 


Long.  I 
D.  M.l 
S  9ill 
9  44 


3  30 
3  82 
3  19 
2  41 
2  68 

2  59 

3  11 

3  43 

4  11 
4  30 
4  39 
4  37 
4  39 
3  52 

3  53 

4  38 

5  10 
5  20 
5  28 
0  36 

5  10 
45S 
4  40 
4  17 
3  57 
3  33 

2  35 

3  6 

438 

4  19 

4  30 

4  54 

5  5 
5  9 
698 

5  41 

6  6 
5  51 
5  49 


CAPE  CLEAR  V 
Fastnct  Rock  . 
Crook  Haven 
Mizen  Head 
Sheep's  Head  • 
Ban  try  Ray 
(irelagh  Rucks 
Oursey  L  W.  P.  . 
Bull  Rock  ^  .    .  . 
Cow  ditto    •       •  . 
Cod's  Head  r     .  . 
Kennara  Baj 
Lamb's  Head.  .  • 
I  log  Islands    ,    •  . 
Hog's  Head 
Bcl.»  Hem  .  ^ 


Ut 

L6ng* 

D.  M. 

O.  NL 

.51  22N. 

9  37\V 

.51  19 

9  44 

.51  96 

9  59  * 

.M  85 

10  9 

.61  33 

10  5 

.51  36 

10  10 

.51  31 

10  30 

$7 

to  96 

.91  38 

10  42 

.51  37 

10  39 

.91  48 

10  87  ' 

.  H  44 

16  90 

.^1  47 

10  28 

.51  48 

to  38 

.51  50 
<J4L^9  

10  38 

TABLE  XLVL  Latitudes  and  Longitudes. 


D.  M. 
11  00\^ 
10  53 
10  50 

10  60 

11  6 
11  1 
11  4 
10  69 
U  00 
10  53 
10  49 
10  36 
tlO  31 

10  S4 

10  9S 

9  12 
9  33 
9  43 
10  4 
9  49 
10  32 
10  36 
10  21 
1014 
10  30 
10  36 
10  18 

10  19 

10  4 
9  36 
9  27 

9  53 
9  57 
8  50 
8  59 
8  38 
8  16 
8  16 
7  67 
7  43 
7  33 
7  24 
7  14 


Skelliog^s  Roebi  • 
Lemon  Rock  • 
Bray  Head  •      .  .51 
Dingle  Bay  •      •    •  .  53 
Fozc  Rock  .       .  .52 
Ferriter's  Island  ,      .  52 
Tiragbt  Rocki 
Oreat  BlukM 
Ennis  Tuscan 
Dunmore  Head 
Dunorling  Head 
Brandon.  HomI  ' 
The  Seren  Hogs  Rocks 
Kerry  Head,  S.  entrance 
of  Shannon  River  . 
Loop  Head,  N.  entraneel 

ditto  .  •  ,69-37 
LIMERICK,  «  .  52  42 
Clare  .  .  .  .  52  51 
Hag's  Head  .  .  .  53  5 
I^orCbAmmorKlaMySS  18 
GalwayBay  .  .  53  17 
Slime  Head  •  .  53  35 
Ennis  Shark  I.  .  .53  46 
Ennis  Turk  I.  .  .53  59 
Clare  Island  .  .  53  58 
AchiiHead  •  .  54  7 
Black  Rock  .  .  54  13 
Urris  Head        .      .[54  28 


I 
3 


o 
6 
8 

52  10 
62  11 
52  14 
52  12 
ia2  19 
99  93 
59  96 

52  30 


Brood  Haren 
Tuns  Rocks,  off  Bioad 

Haven    .      .  .  54  31 

Down  Patrick  Head  .  54  27 

Killala       .      .  .54  19 

Sligo  Bay   .      .  .  54  24 

Ennis  Murray  Island  .  54  32 

Domif^gal  Bay     .  .  54  38 

TfOeBHeiUi  .54*49 

Arranmore  .65  2 

Bloody  Foreland  •  .  55  10 

Toiy  island       .  .  65  17 

HottrHmd.  .65  14 

Mulroy      .      •  .55  17 

Loch  Swilley      .  .  55  18 

MaJlin  Head  .  .  55  24 
Enuistrahul  Rocks  light  55  28 
InithoM  lIoad,«ntnnce 

of  Londonderry  .  55  l6 

LONDONDERRY  .!55  00 

Giant's  Causeway  .  55  l6 

KackKn  I.  W.  p<riat  ;  65  20 

Fair  Head  .      •  .  55  15 

Torr  Point  .       .  .56  14 


Lat 

D.  M. 

51  52N 
51  53 
58 


64  96 


The  Maid's  liocks 
Black  Head 
Carrickfcrgus 
BELFAST  . 
Belfast  Loch 
Mow  Island  Ughta 
South  RockUglit 
Dundrum  . 
Carlingford  Lock 
Dundalk 
Dro^heda  Bar 


54  57 
54  45 
54  43 
54  35 
54  43 
54  41 
54  91 
54  13 
54  00 
53  5<i 
53  45 


6 
7 
6 
6 
6 
6 


54 
15 

26 
16 
6 
1 


5  39 

6  38 


46 
57 
35 
94 
5  94 
5  51 
4 
20 
14 


5 
5 
5 
5 


CO 


St.  Patrick's  Island 
Lambay  Island 
Howth  Head  Udit 
DUBLIN  .  . 

WlCKLOWl^hta 

Arklow 

Glasscarrkk  • 


WEXFORD 
Tusker  Rock  • 
Camsore  Point  . 
The  Salteet  Rocks 
Hook  llilit,  WateiMI 

harbour  . 
Dungarren  . 
Hclwick  Head 
^  oughall  . 
CORK  Harbour 
^'Kingsale  Harbour 
g  Old  Head  of  Kings&le 
lights      ,      .  , 
Seven  Heads  • 
Dundedy  Head  . 
The  Stags,  oflTToe  head 
BALTIMORE  harbour 


5 


Lat. 
D.  M. 

53  36N 
53  29 
53  22 
53  99 
69  59 
52  49 
52  36 

59.91 

52  12 
52  11 
59  6 

59  5 
52  3 
59  00 
51  55 
51  47 
51  38 

51  35 
51  34 

51  32 
51  27 
51  27 


Long. 
D,  11. 
6  2W 
59 
9 
17 
1  • 
6 
11 


6  28 
6  8 
6  19 
6  36 

6  56 

7  36 
7  31 

7  49 

8  11 
8  99 

8  30 
8  40 

8  56 

9  16 
9  26 


• 

Lat. 

Long. 

D. 

M. 

D. 

H. 

Calf  oTBIaii 

• 

54 

2N. 

4 

42W 

Douglass    .  « 

• 

54 

9 

4 

24 

Ramsey  Bay 

54 

19 

4 

16 

Point  of  Air 

• 

54 

25 

4 

18 

Peel  Hill    .  , 

54 

19 

4 

37 

CasHetmni  • 

1  • 

64 

3 

4 

35 

XXII.    Prom  Calais  to  the  Scow, 


CALAIS  . 
GraTniBM  • 
DUNKUtK 

Nieuport 
OSTEND  . 
Slujs  . 
{ANTWERP 
VValchcren  I.  W.  P. 

—  Flushing 

—  Middleburgh 
Goeree  Mand 
Schowen  UUuid  Uglit 
North  Gatt  . 
Holland*s  Hook 
The  Hague . 
Leyden 
Hacrlem 
ROTTERDAM 
AMSTERDAM 
Alkmier 
Texel,  9.  point 
Harlingen,  . 
Gottingen,  Obs. 

giEMBDEN. 
tClBRRBllEN  • 


i 


Lat. 

Long. 

D.  M. 

D.  M. 

.50  58N 

1  51E. 

.50  59 

9  8 

.51  2 

2  99 

.  51  8 

2  45  , 

.51  14 

2  55 

.51  19 

3  93 

.51  13 

4  94 

.51  32 

3  28 

.  51  27 

3  35 

.51  30 

3  37 

.51  46 

3  69 

.51  39 

3  40 

.  51  55 

3  59 

.51  56 

4  00 

.68  4 

4  16 

.52  9 

4  26 

.  52  22 

4  36 

.51  64 

4  28  1 

.52  22 

4  51 

.  69  39 

4  38 

.53  2 

4  33 

.63  10 

5  20 

.51  39 

9  53 

.63  90^ 

7  10  1 

cUyiizeS  by 

P<l>iil(l'»Mi|-r 


Bremerlehe       •  ' 

Sude  .  • 
Olulretmdt  /  . 
Cuxbaren  •  • 
Nework 

Kibe  Riveri  entrance 
Tonntegeil  .  • 
Holmen     »  ^  • 
Robtnout    •  • 


Lat. 

Long. 

D.  M. 

D.  M. 

.  53  32N. 

8  32E. 

.53  33 

9  56 

•  $3  36 

9  2S 

.5S  48 

9  28 

.  53  53 

8  46 

.  53  55 

8  3S 

.  54  00 

8^  SO 

.  54  19 

9  5 

.  57  8 

8  34 

.  57  S5 

9  34 

lie  97 

I 


XMIl.    Cattagat  and  Smiud. 


c 
r 


Li.  K( 


SCAW  tlOHT 

Fladstraad  •> 
Sebye  • 
Hails  . 


Aars   .  . 
.'^leAWick  . 
ilie  NAZB 
ChrutiaoaanA 
\rendad  . 
FrcderickaTeni 
Ferder  light 
CHRISTIANA 
Frederickstadt 
StfOBvtedt  • 
Salo  Beacon 
Paternosters 
iVlarstrand  \ifdA  . 
GOTHENBUBGH 
Witiga  B«acea 
Tialarae  • 
Niddiageo 
VVarbciTg  • 
Falkenburg  . 
HtUmatadt  . 
iLaholm 

vvadcro  T.  3.  end 
Engelholm  ; 

mm- 

Landwrone 
MaloDM) 

FilMioligkt 


V 


Kioce 

COPENHAGEN 

RLSINEUR 
Cronenburg  light 
Nakke  Head  l«hU 
Nykoping    •  • 
CalluDburg-  .  • 
Kor3flrlis;:hts  • 
VVordingburgU 

Huen  I.  Uraniberg 

Anum    ^'H®  * 
HaaMo  ItfauM 

Anbolt  light 

Mttle  Middle  Ground 

LeiMKm  I.  £.  end  . 


Lat. 

Liong. 

U.  IVl. 

U,  m. 

.  07  4jIN< 

•  07  «D 

1  rt  "JO 

ft  OA 

•  97  sU 

in  '1% 

■  57  W 

lU  19 

»  Ob  «o 

AS  1 

.59  9 

8  IS 

.68  26 

8  57 

.  58 

1A  «0 

IV  ITg 

.  1 

- n  fir; 

CO   1 0 
.09'* 

11  o 

•  59  oa 

It   1  o 

•  OO  ^  1 

11  14 

.  57  oa 

1 1  o? 
11  »/ 

.  57  *W 

.  57  42 

11  67 

.57  33 

11  38 

I  1  AA 

II  44 

•  57  19 

■  A  OO 

.57  D 

19  1 

.  OO 

1*  oU 

.  Ob 

1  9  (\A 
IZ  OD 

.  56  32 

13  00 

.56  26 

12  35 

.56  14 

12  58 

.56  18 

18  S8 

.56  8 

12  42 

.  55  52 

12  50 

.  66  36 

13  1 

.55  98 

1149 

.55  28 

IS  12 

.56  41 

IS  S4 

.56  2 

12  37 

.56  3 

12  37 

.56  7 

12  22 

11  40 

.5ft  41 

11  6 

.  55  20 

11  9 

.&5  1 

12  00 

.  55  6,5 

12  43 

.55  3d 

12  3S 

.06  IS 

11  44 

.56  44 

11  36 

.56  67 

11  59 

.157  J9 

U  8 

t. 

LeaaOQ  I.  W.  cml 
Trind^Bock  . 


Lat 
D.  M. 
57  16N 
57  SS 


Long. 
D.  M. 

10  .•OEJ 

11  13 


XXIV.    The  Baltic. 


V 

Funen,  Odenaee 

—  Nyborg 
Laogeland 
Arco  Kiop  . 
Alsen«  Sonderborg 
Laaltid*  Naolftni 

I  —  Nystecl  . 
Falster  ISjkoping 

—  Stubbckioping 
Moa^f  Slqga 
Fermeren,  BotQa 
( raUeboig  . 

Ahus 

CARTSCROON 
Torum  i'omt 
GalBfer  i  f . 

Wcstcrwyclc 
Soderkopiog 
Nykoping  • 
Trosa 

Laiulford  ligbt 
STOCKHOLM 
Kiel    .      *  . 
LUBECK  .  - 
Wi«mar  . 
Rostock 
Dars  Head  . 
Geblen  l^i^t 
Strabund  • 
Griaatrtld  . 
Usedom  *  • 
Wollin 
Stettin 
Canunlfi  *. 
Colberg  p 
Rugenwala  . 
Stolepcfnnuida 
Heol  light  . 
DANTZIG 
Pillau 

KONIGSBERO 
Bruster  Ort  U|Ml 
Mcinal  * 
Libm .  « 
^Vindau  • 
Lyscrort 

nomeaess  Ikhts  • 
KunoItedlUI 

RIGA 
Pemau 

Dago,  Simpemesa 

—  Dagerort  light 
Oscl,  Falnacr  Ort 

—  Hand's  Ort 
Ort  light 

—  AnsDsbargh 
Gatsko  Sando  . 
^aro.  jN.  £.  end 


Lat. 

D.  M 
4S5  25^ 
56  St 
.54  66 
54 
66 
51 
'54  42 
64  47 
,64frt 
55  00 

54  S8 

55  82 
55  35 

55  56 

56  8 
56  5 

56  40 

67  44 
58  30 

68  46 
68  64 

58  44 

59  81 
.6iSl 

53  62 
.53  6S 
.  64  3 

64  28 
64  28 

54  18 
54  4 
53  53 
53  48 
53  23 

53  56 

54  7 
54  SS 
54  SO 

.W37 
64  22 
54  34 
64  40 

64  52 

65  42 

66  SS 

67  25 

57  35 
57  46 

57  48 
B6  66 

68  21 
59  6 

69  66 
,168  39 

88  32 
7  66 

58  15 
58  18 


Long. 
D.  M. 

10  48 

10  28 
9  62 

11  16 
II  43 

11  64 

12  8 

12  19 
11  17 

13  U 

14  18 

14  14 

15  34 

15  56 

16  SO 
16  41 

16  80 

17  3 
17  33 

17  55 

18  4 
10  10 

10  49 

11  40 
IS  17 

12  35 

13  18 
13  13 

13  30 

14  5 
14  44 
14  33 

14  53 

15  43 

16  So 
16  50 
18  46 

18  37 

19  54 
ISO  89 
19  54 

81  3 
SO  » 

21  M 
31  34 
SS  88 
S3  6 

23  57 

24  16 

82  52 

22  9 
22  23 
81  50 
88  S 
88  84 
19  18 


Digitized  byGoogle 


TABLE  XLVI.   Latitudes  and  Longitudes 


Lai. 

Long. 

D. 

M. 

57 

51N. 

 vvmnv 

• 

57 

3*} 

—  noDurg  •  • 

• 

56 

57 

1  O    1  ^ 

57 

19 

iR  no 

Si 

ninnfl    N  anil 

• 

57 

22 

I '  / 

It  rig  jiIlj'I.i  

—  Dor^uoiins  oioii 

56 

52 

lu  o/ 

—  S.  end  light  . 

r.6 

12 

1 1)  ZD 

i 

Eartholms  . 

• 

55 

19 

15  16 

Bornholm,  N.  VV. 

end 

—  liphl 

• 

55 

18 

14  49 

—  Ilasle 

• 

55 

10 

14  47 

—  S.  E  end 

.■>4 

5S 

15  14 

—  Svjinike  . 

55 

8 

15  16 

Rugen,  N.  end 

• 

54 

40 

13  30 

—  BERGEN 

• 

54 

*i5 

13  32 

—  S.    E.  end  New 

Deep 

54 

16 

13  52 

XXV.    Gulfs  of  Hul'ind  und  Bothni: 


Odensholm  lipht  . 
Great  Roge  light  . 
Surep  Head  light 
Nargen  I.  N.  point 
REVEL  . 
Kokskar  light 
Chalk  Grouod 
Stone  Skar  . 
Little  Titters  Island 
Great  Titters  Island 
Lavanscar,  N.  end 
Seascar  light 
Narva 
Dolgenos 
Tolbfcon  light 
CRONSTADT 
PETERSBURG 
Styra  Udden 
U'ibnrg 
Fredericksham 
Aspo  . 
Ilosland  Island  lio^hts 
Orrengrund'a  Beacon 
LoTisa 
Borgo 

Helsinfors  . 
Hango  Beacon 


Lat. 
D.  M. 

59  19N 
59  25 
59  29 
59  36 
59  26 
59  40 
59  41 
59  46 
59  47 
59  50 
59  59 
59  59 
59  20 

59  53 

60  00 
59  58 

59  56 

60  8 
60  39 
60  30 
60  14 
60  3 
60  14 
60  25 
60  21 
60  10 
59  45 


Long. 
D.  M. 

23  ISE 

24  3 
24  23 
24  34 

24  48 

25  6 

26  15 
[26  30 

27  3 
27  20 

27  57 

28  28 

28  24 

29  6 
29  39 
29  53 
•50  19 
29  10 
28  54 
27  25 
27  22 
27  7 
26  39 
26  28 
25  50 
25  7 
22  57 


XXVI.    Gulf  oj  Bothnia. 


Uto  light 
Abo  . 
Wasa  . 
TORN E A 


Lat. 
D.  M. 

59  47N 

60  27 
63  13 
65  51 


Long. 
D.  M. 

21  25E 

22  15 
21  55 
124  9 


XXVII.    From  the  Xaxe  to  Jlrthangtl. 


The  NAZE 
Lister  Land 
Juddcr.orWalbert's  Hd, 


Lat 
D.  M. 

58  IN 

59  10 

58  36 


Long. 
D.  M. 
7  14E 
6  38 
5  40 


Great  Wylingsoc  light 

house 
Stavangcr 


Bonirael  Island,  ! 
BERGEN  . 
A«ikwold 
Hundc  light 
Christian  Sound 
Drontheiin  . 
Wcrro  Island 
NORTH  CAPE 
Wardhuus  Islund 
Uivcr  Kola  . 
Nai^cl  Island 
Cjjpe  Sw«:etnofie 
Cape  Orlo^^enose 
Crusj  Island 
Ontga 

Cn|>e  Pone^.t 
ARCHANtJEL 
BUienose 
Cape  Good  Fortune 
Mor  hom  Island 
Capr  Candino^e 
Welgate's  Straits 
Nora  Zcmbla 


end 


Lat. 
D.  M. 

9  4N 

58  .59 
9  32 
60  24 
161  22 

62  23 

63  11 
63  26 
l67  42 
71  10 
70  22 

69  15 
68  23 
67  .58 

67  00 
66  19 

63  36 

64  4S 

64  34 

65  21 

66  24 
66  40 

68  23 

70  50 
78  00 


Loiig. 
D.  M. 


26  E. 

45 

00 

12 

12 

41 

30 


10  22 

11  25 
126  00 
31  6 
33  24 
35  55 
.37  30 

39  21 
38  49 

37  20 
35  46 

38  59 
33  10 

40  28 

40  35 

41  28 
62  2 
70  00 


XXVIII.      F,om  Usfumt  to  Gibraltar. 


USHANT  . 
BREST 

::*oinl  Matthew's  light 
Point  Raz  . 
Sainth  Rocks 
Point  L'Abbe 
Quitnper 

Isles  de  Glenan  . 
t|uin»pcrlay 
L'OKIENT 
Port  Louis  . 
g  jlslc  de  Groas 
o  iQuiberon,  S.  point 
^  Belle  Isle,  N.  end 
—  S.  end  . 
Vrtnnes 
llouat  ls\c  . 
Diiniel  I«lc  . 
NANTES  . 
Croisir 

^t.  Gildas  point 
Noirmousticr  I.  S.  \V. 
Dieu  Isle 
St.  Gillies  . 
Roclie  Bon*. 
Ree  Isle  Li^t 
KOCHKLLE 
ROCHEFORT 
Olcron  Isle  light 
Ifltarid  Aix  . 
CORDOVAN  light  H 
Medoc 

BORDEAUX 
Cape  Ferct  . 
BAVONNE 


K  k  Ta^. 


Lat. 

Long- 

D.  M 

D.  M 

48  29N. 

5  3W 

48  23 

4  29 

48  19 

4  47 

48  1 

4  47 

48  4 

5  5 

47  49 

4  12 

47  58 

4  8 

47  44 

4  00 

47  52 

3  34 

47  45 

3  21 

47  43 

3  21 

47  38 

3  28 

47  26  • 

3  4 

47  23 

3  1 4_ 

47  17V 

3 

47  39 

2  46 

47  24 

2  56 

47  22 

2  36 

47  13 

1  33 

47  18 

2  31 

47  10 

2  16 

47  00 

2  15 

46  42 

2  27 

16  40 

1  51 

46  15 

2  94 

46  15 

1  34 

46  9 

1  9 

45  56 

0  58 

46  3 

1  24 

46  1 

1  10 

45  35 

1  10 

45  6 

0  45 

14  50 

0  34 

44  43 

1  14 

43  29 

1  29 

TABLE  XLVI.    Latitudes  and  LoDKiludcs. 


I.at. 


J5 


»2 

3 


s 


1 

D.  M. 

D. 

M. 

St.  John  de  Luz  . 

43  2JN- 

1 

3S>\ 

St.  Sebasaui 

43  21 

1 

Cape  Machicao  . 

43  2b 

2 

40 

BILBOA 

43  15 

2 

44 

SAINT  ANDERO 

43  28 

3 

40 

>aint  >  incent 

43  30 

4 

16 

\  illa  \  ictosa 

43  28 

5 

18 

Cape  Penas 

43  42 

5 

46 

Cnpe  Buroia 

43  42 

7 

17 

Ca|>e  vanas 

43  47 

7 

35 

Cape  Ortegal 

43  47 

7 

48 

C  ape  Prior  . 

43  34 

8 

14 

FERROL  . 

43  30 

8 

6 

LUKLISNA 

43  33 

Q 

s 

20 

Cape  Belem 

43  10 

9 

10 

Cape  Turiuna 

43  3 

9 

17 

Cape  Finwterc 

42  54 

9 

17 

>igoBay 

42  14 

8 

37 

Cape  raAalis 

41  59 

8 

A  P. 

45 

OPORTO  . 

41  11 

8 

39 

Avenos 

40  39 

8 

41 

Coimbre 

40  14 

Q 

24 

Cape  Mondego  . 

4U  Iz 

o 

54 

t  ape  Fiseraon 

39  24 

9 

18 

1  be  tiu rungs 

in  ci  c 

i7  25 

Q 

31 

T be  Kock  of  Lisbon 

38  46 

9 

29 

LlbBON 

38  42 

9 

9 

Cape  Epichcl 

38  25 

9 

14 

St.  Lbcs 

38  32 

8 

50 

Sines  .       .       .  . 

37  50 

8 

54 

Cape  St  Vincent 

37  3 

9 

2 

Lagos 

37  8 

8 

39 

Cape  Carboncra  . 

37  7 

8 

19 

Cape  St.  Mary  . 

36  57 

7 

52 

Point  .\renilla 

^7  8 

6 

50 

St.  Lucar 

36  46 

6 

20 

SEVILLE  . 

36  59 

5 

58 

CADIZ 

36  32 

6 

18 

Cape  Trafalgar  . 

36  10 

6 

00 

I'arifa  Island 

36  1 

5 

35 

P.  Carnero  . 

36  5 

5 

23 

Algesiras 

36  7 

5 

24 

GIBRALTAR 

36  6 

5 

20 

XXIX.    The  ^rorth  Coast  oj  the  MedUer- 

ranean  Sea^  from  Gibraltar  to  Coiistaji- 

tinopU. 

I  Lat. 
D.  M. 

Lone;. 

D. 

M. 

GIBRALTAR  . 

36  6N. 

5 

i:o\v 

MALAGA 

36  43 

4 

24 

Modril 

36  46 

3 

33 

Almeria 

36  51 

2 

31 

Cape  de  Gatt 

36  44 

2 

13 

t'oint  Calla 

36  47 

2 

00 

CARTHAGENA 

37  36 

1 

1 

>  Cape  Pallos  • 

37  37 

0 

41 

ALICANT 

38  18 

0 

29 

Cape  St.  Martin 

38  47 

0 

lOE. 

VALENCIA 

39  26 

0 

20>\ 

Cape  Oropeso 

40  6 

0 

8E. 

>iver  Ebro 

40  42 

0 

27 

erragona 

41  9 

1 

19 

BARCELONA  . 

41  22 

2 

12 

Capt'  .St.  Sebastian 

41  53 

3 

9 

c 


e 


Bay  of  Roses 
Cape  dc  Grcux 
Perpignan 
Agdc 

Fort  Brecon 
Ccttc  light 
Narbonnc  . 
Monlpcller 
MARSEILLES 
Ciotta 
TOLLON 
Cape  Taillar 
St.  Tropcz 
Frejiis 
Cape  Roux 
Antibcs 

St.  Marguerite  Island 
Cnpc  dc  O  ropes 
N  ice 

>  illa  Franca 
Cape  Mclle 
Savons 
GENOA  . 
Rapallo 
Point  Vcnerc 
LEGHORN 
Moloria 
Cape  M.  Nero 
Vada 

Pionibino  . 
Point  llcrcole 
Civita  >'ecchia 
ROME  . 
Cape  Dacia 
Ccrccllo  Point 
Gaeta 
NAPLES 
Salerno 
Cape  Lirosa 
Policastro 
St.  Eufemia 
Cape  Batican 
Cape  Grose 
Cape  Larme 
S.  Point  of  Itely 
Cape  Spartavento 
CajK:  Stillo 
Catanzaro 
Cape  Rizuta 
CapeCallone  light 
Tarento 
Gulipoli 

Cape  St,  Mary,  the  en 
trance  to  the  Gulf  of 
>  cnicc  .  39  50 

Otranto  .        .  40  l9 

Brindisi  .       .  40  38 

Bari  .  41  9 

Manfrcdonia  .  41  40 

Ortona  .  42  20 

Ancona  .  43  38 

Rimino  .  44  4 

VENICE  .  .  45  26 

TRIESTE  .  45  46 

Rovieno    .  .  45  9 

St.  Maria  ./.J5  30 


Lat. 

Long. 

U.  M. 

V.  M. 

4a  loN. 

3  7£. 

42  20 

3  17 

4s  42 

2  54 

4J  19 

3  28 

43  15 

3  29 

43  84 

3  42 

43  11 

3  00 

At  11 

3  53 

43  to 

0  22 

43  10 

5  3b 

43  7 

5  55 

A9  f 

43  7 

6  44 

At   1 C 

43  16 

b  40 

to  ZD 

£    ^  4 

6  44 

At  OO 

43  n 

t  nn 
7  VU 

At  te. 
43  3o 

7  7 

At  1 1 

43  31 

7  t 

7  3 

At  OO 

7    t  A 
7  11) 

A 1  AO 

43  4s 

7  17 

7  17 

4 1  A/\ 

43  4v 

7  OA 

7  XO 

At  CC 

43  ob 

o  o 
o  o 

AA    1  7 

44  17 

9  3U 

44  zo 

o  >>b 

AA  07 

44  z3 

A    1  £. 

9  lb 

*A  t 

44  3 

A    yt  r 

9  45 

it  tt 
43  33 

t  A  OO 

10  *z 

At  tt 

43  33 

•  A  17 

10  17 

At 

43  zO 

«  A  OA 

10  «0 

At  OA 
43  zU 

10  41 

4z  50 

t  A  tZ. 

10  35 

A9  Ot 
4Z  z3 

ft    1 A 

i(0      il  ^ 

4»     0  • 

1 1  4b 

1 1  fLA 

41  M 

IZ  £o 

41  oft 
41  zD 

10  ^A 

Iz  4U 

13  W 

41  13 

13  30 

An  Kt 
4v  51 

1  >4  11 

14  11 

An  At 
4U  4a 

1  A  A^. 

14  4b 

4U  lo 

1  A  t7 

14  o7 

An  1 
4U  / 

1  t  At 

lt>  43 

37  UO 

^  C  A'A 

lb  4z 

3I>  4/ 

lb  Z3 

7Q  on 

39  ZU 

lb  lU 

37  i»D 

Jb  10 

37  53 

37  57 

16  22 

36  26 

16  55 

39  1 

16  55 

39  54 

Il7  31 

39  4 

17  36 

40  28 

17  35 

40  00 

18  20 

8  50 

5  65 

9  12 

7  00 

6  8 

4  30 
3  30 

8  33 

2  21 

5  47 

3  48 

4  15 


Google 


TABLE  XLVI.    Latitudes  and  Longitudes. 


201 


Lat. 
D.  M. 
45  14N 
44  45 
44  17 
43  42 
13  2 
43  46 
42  23 
41  30 
41  20 
40  45 
40  32 
39  47 
39  24 

38  16 
36  46 
36  23 

36  27 

37  53 

37  58 

39  27 

38  9 

39  25 

40  38 
40  00 
40  7 
40  39 
40  40 
40  30 

40  3 

41  3 

40  26 

41  1 


I- 

a 


Pcscera 
Zara 

Cape  Sesto 
Rosaro 
RaguM  . 
Catoro 
Durazo 
Cape  PatU 
La  Valona 
Cape  Linguette 
Butrinto  . 
Cape  SL  Nicholas 
Lepanto 
Coron 

Cape  Matapan 
Cape  St  Angelo 
Corinth 
ATHENS 
Negropont 
Cape  Doro 
Cape  St.  George 
SALONICA,  or  Salo- 

nique 
Cape  Ballouri 
Mount  Athos 
Contessa  . 

I^RgOf 

Cape  Macri 
The  Dardanelles 
Adriaoople 
Galipoli 

CONSTANTINOPLE 


Long. 
D.  M. 

14  58  E 

15  40 

15  35 

16  10 

17  10 
IS  11 

19  29 

20  00 

19  46 

20  16 

19  55 

20  33 
20  36 


22 
21 


4 

60 


22  30 

23  12 
23  2 
23  46 

23  44 

24  40 
23  17 

22  56 

23  40 

24  15 

23  68 

24  60 

25  38 


r 


■S 


26 
27 


6 
6 


26  37 
28  55 


XXX.    The  Bla€k  Sea  and  Sea  oj  Azof. 


■St 


f 


I«mayl 
Akernian  . 
Odessa  . 
KhersoQ 
Konlof 
ScTastopol 
Yenicale  • 
Fanagoria 
Teganroy  . 
Trebizonde 
Cape  Yassoun 
Sinopc 


Lat. 
D.  M. 

45  21 N 

46  11 
46  28 

46  39 
45  15 

44  40 

45  22 
45  12 

47  12 
41  2 

41  10 

42  3 


Long. 
D.  M. 

28  50E 
JO  16 
30  37 

32  56 
J3  25 

33  36 
36  27 
36  50 
38  39 
?9  37 
.17  48 
35  9 


XXXL    The  SoxUh  Coast  of  the  J>ledUer 
ranean  Sea. 


Cape  Spartcl 
TAN(ilER 
Ccuta 
Tetuan 
C84>c  Ncgril 
Cape  Baalal 
Cape  Three  Forcas 
ZafTartna  . 
Cape  Fegalle 
'Cape  Falcon  • 


Lat. 
D.  M. 

35  49N 
35  40 
35  54 
19 
14 
10 


35 
J5 


35 
35  28 

34  57 

35  47 

35  5= 


Long. 
D.  M. 


54W 

49 

16 

27 

24 

44 

57 

8 

9 


0  48 


>3 


Cape  Ferrat 
Cape  Tennis 
ALGIERS 
Cape  Matifor 
Cape  Beringu 
Cape  Tends 
Cape  Bugaroni 
Cape  Ferro 
Bona 
Tabarca 
Cape  Serra 
Cape  Blanco 
TUNIS 
Cape  Bon  . 
Susa 

Cape  Paul 
Cape  de  Zoara 
Tehy  ^ 
TRIPOLI 
Lebida 

Cape  Mensuralo 
Cape  Lorat 
Cape  Linconta 
Cape  Serabion 
Zoara 
Bengaza 
Cape  Docra 
DERNE  . 
Cape  Razatin 
Cape  Luco 
Cape  Soliman 
Point  Ramadan 
Cape  Lagoscgo 
Cape  Capopcra 
Cape  Rose 
ALEXANDRIA 
Aboukir 
Roselta 
Cape  Boiirlos 
Deniietta  . 
Cape  Callo 
El  Arish 
Jafla 

\L  Carincl 
Acre 

Cape  Blanco 
('ape  Scrpcnlc 
Cape  Vardo 
Tripoly 
Tortosa 
Cape  Zarct 
ALEXANDRETTA, 

Scandcroon 
Yasso 

ALEPPO  . 
Cape  Urco 
Point  Calvnro 
Cape  Draumontc 
Satalia 

Cape  Chtlidoni 
Ro^so  Island 
Cape  Seven  capes 
Macri 
Cape  Baibe 
Cape  Crio 
Cape  ?^t.  Mary 


Lat. 
I).  M. 
36  2N 
36  38 
36  49 
.36  55 
36  53 
36  59 
36  50 
36  52 
36  32 

36  48 

37  10 
37  20 

36  32 

37  5 
35  45 
35  14 
33  53 
33  12 
32  54 
32  8 
32  12 
30  50 
30  29 
ai  21 

30  44 
32  16 
32  55 
32  48 
32  30 

31  50 
31  44 
31  32 
31  23 
31  13 
31  8 
31  13 
31  18 
31  24 
31  33 
31  24 
31  20 

31  13 

32  5 

32  50 

33  00 
33  10 

33  28 

34  22 

34  46 

35  22 
3d  14 


or 


36  35 
36  58 
36  11 
36  40 
36  34 

36  30 

37  3 
36  18 
36  9 
36  26 
%  40 
36  38 
36  45 
>  7  Vi 


Long. 
D.  M. 


0 
1 
2 
2 
3 
4 
5 
6 
7 
8 
9 
9 
10 
11 
10 
11 
11 
11 
13 
14 
16 
17 
19 
20 
20 
20 
21 
22 
23 
25 
25 


20 
26 
U 
5 
00 
18 

26  00 

27  20 

28  44 

29  30 

30  16 
30  38 


lOW 
16E. 
13 
43 
30 
10 
47 
54 
.36 
58 
24 
5:] 
34 
8 
50 
15 
10 
24 
11 
55 
15 
22 
20 
16 
45 


30 
31 

32 


58 
30 
7 


33  30 
33  50 


35 
35 
35 
3.') 
35 


3 
16 
26 
19 

35 


35  50 


36 
36 
35 


7 

8 
53 


36  20 

36  15 

37  10 
34  12 
33  25 
32  20 
30  55 
30  40 
29  ;.9 
29  00 
29  30 
27  45 
27  15 

lli^gl 
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TABLE  XLV'K  Latitudt's  and  Longitudes. 


I.nt.  ! 

Lonz- 

! 

D.  M.  1 

I).  M. 

D.  M.  1 

I).  M. 

Cape  Black 

m  4hN 

2G  25E. 

Capra 

40  3lN 

.14  18E. 

SMYRNA                 .  38  £8 

•27  20 

• 

••• 

Adramitta         .       .  39  37 

27  5 

MESSINA 

38  14 

16  49 

a-. 

Cape  Baba                -'39  35 

•ib  10 

•'<8  20 

14  40 

Cape  Janeaari 

U)  3 

26  24 

38  15 

14  0 

Mondania                 .10  20 

26  50 

CttD€  Cnfrana     •  . 

■38  18 

13  36 

Scutari 

10  57 

29  4 

PAi/ERMO 

38  7 

13  20 

Cane  K\(m  • 

38  18 

13  23 

XXXH.    Islaiula  tcUhin  the  Straits, 

Cope  St.  Visto  . 

i  I'rinann               .  * 

38  17 

12  50 

33  9 

12  3b 

l.onf;. 

I. at. 

CflDfi   KllZO  . 

Cape  .Plicate 

37  17 

13  20 

r>.  M. 

IJ.  M. 

'C 

37  3 

13  50 

Alboran 

36  IN. 

V, 

CaiMi  SecLa  . 

36  49 

14  26 

rroinentcra,  W.  point 

V  Ol  Ft. 

36  41 

—  E.  ditto 

38  43 

1  24 

SnriiiFn*i«<H   .          .  . 

37  !y 

15  -k) 

Ivica,  s.  ditto 

38  oO 

n  •"  1 

-il  24 

15  39 

— N.  E.  ditto 

59  15 

1  O"^ 

Cape  Moline 

37  37 

15 

balina 

3v5  49 

u  ou 

Cabrera  S.  point 

39  1* 

9  'il 
Z  Of 

Strotnbuli            .  . 

38  56 

15  44 

[  inrtri  S  noiiit 

38  37 

16  7 

MAJORCA,  S.  point 

39  20 

0  An 

1  4z 

Salina        .        •  . 

38  44 

14  55 

—  IN.  ditto 

4U  7 

\  nlcnnn  ... 

38  32 

15  7 

—  u .  ditto 

39  4o 

z  / 

Fi^liciiJi     .         •  • 

38  35 

14  27 

—  E.  ditto 

39  42 

•1  1 7 

Alipiifii       .         .  . 

38  36 

14  18 

—  MAJORCA  TOWN 

.39  34 

Z  «J7 

Lstica 

l^vaci       .  • 

38  61 
38  6 

13  80 
12  25 

Dragon  Island 

39  49 

1  09 

Maretimo 

38  1 

18  6 

fy  _  1  _  L.  _  _  _ 

Coieores 

.17 

VI  *Xi 

Favognana  . 

37  56 

12  23 

Minorca,  S.  point 

.1  fx 

Quill  Rocks 

37  35 

11  15 

—  rOKT  MAllON 

J9  oz 

/I  99 
4  ZZ 

Pantcllaria 

36  45 

12  31 

—  N.  point 

40  18 

3  35 

Einosa  • 

35  52 

12  55 

La  Pidossa 

35  31 

13  47 

Lape  1.  orsc 

J1  o 

Q  1Q 
7  17 

Lampion 

35  30 

12  30 

daint  r  lorenzo  . 

4«  oO 

Q  1 A 
7  ID 

• 

•Si 

Cain 

AO  'III 

a  iin 

c5  4U 

(j07o  N.  Doint  • 

36  3 

14  5 

Ajacio 

At  M 

0  44 

C.  Comoncto  • 

36  64 

14  11 

South  point 

41  Zl 

Q  91 

c 

I  <a  \  alrtte         •  . 

36  64 

14  29 

Cape  Si^no 

4*  1 4 

7  Jt 

Cane  Nicholas     .  . 

3d  47 

14  39 

D  A  CTI  i 

.19  97 
4X  XI 

7  «>•• 

• 

•11  14 

Fano,  entrance  to  the 
(riiirofN  ciiicfl  . 

ni.  Jr.  L<ag09aruo  • 

9  2 
7  * 

40  5 

19  32 

Cape  Asinara 

irt  fit 

c5  1) 

Pclagosa 

43  23 

16  20 

Cape  Caccia 

in  '1 1 

0  / 

PlaiiA 

42  20 

16  3 

1      CI       A     t  \t  n  n 

v/ape  uiano 

A  1/1 

s/ 

Trcniiti  . 

42  19 

15  40 

1 

c»apc  iviallctcna  . 

Lissn.  S.  Doint  . 

42  57 

16  IS 

P  A  I'll  1  A  D  1 

.1  /  io 

(I  "^d 
f  .111 

43  13 

15  46 

Cape  Carbonera 

3M  37 

9  18 

"a 

Loii'ni-  S.  E.  noint 

44  1 

16  4S 

Cope  Frances 

'39  39 

9  r,o 

-ml 

Corfu.  S.  E.  Doint 

39  47 

90  1 

Olastcr 

«|0  H 

9  34 

Pnxu  S.  Doint 

39  24 

20  22 

Capo  CavaJto 

'40  48 

9  47 

SL  IVIuura.  \V  .  Doint 
Cf>r.ilonia.  S.  noint 

.38  54 
58  7 

20  41 
20  6>3 

Asinara  Isl.  N.  point 

41  7 

8  14 

—  Cape  ^  iscnrdo 

38  30 

20  47 

Antiocb  Island 

8  \'t 

^ant^   S.  noint  . 

37  50 

80  49 

Toro 

38  47 

8  IS 

Crri^o.  S.  Point 

36  SO 

23  I 

Galita  Inland 

37  38 

9  3 

Ccrricjotto 

35  64 

23  24 

Gorgona 

43  23 

9  51 

Milo  Town 

36  41 

24  50 

Cabrera 

13  8 

9  oO 

Sc io.  Town 

38  30 

26  3 

Elba 

42  50 

10  12 

* 

Mjtelenc,  Town 

39  18 

86  37 

iManera 

42  43 

10  7 

Tenedos 

39  50 

26  6 

Kormigiicfl 

42  33 

10  5 

I^noinos 

39  64 

26  88 

Monte  Chrif<to 

12  17 

10  26 

Gilio 

12  22 

11  00 

C.  Crio 

36  18 

23  39 

Guuuto 

42  16 

11  10 

Cape  Spada 

36  47 

83  57 

Falmaria  . 

40  43 

13  00 

Suda 

35  30 

24  84 

Posca 

^0  42 

13  6 

Cape  Sassosso 

35  35 

2.5 

Ltchia,  S.  point  - 

10  3S 

VA  66 

CANDIA 

35  19 

25  18 

Digitized  by  Google 


TABLE  XLVI.  Latii^de3  vnd  Looi^itades.  I6| 


Cape  Sidera 
i.e  Cape  )>alamone 

Gora 

Uoxa,  S.  point 
Seapanto 
Rhodes,  Town 


Cape  Andrew 

I  ^  Cape  Salizaoi 
Cape  OatIO 
Cape  Grego 


bong. 

D.  M. 

D.  M. 

8S 

26  2d£. 

OO  W 

•11  1 

464  1 

vv  or 

97  7 

36  S7 

23  30 

85  67 

23  31 

33  41 

34  32 

35  19 

32  47 

id  3 

31  41 

34  84 

33  a 

is  7 

34  5 

Madeini,  Tristam  point 
— PUNCH AL  . 
^  ^.  Dcsei^S.  point  . 
J  Isl.  Salvagei,iiiiMle  • 
Pilon  .      .       .  . 


XXXUL    7^  CMst  of  Africa  frmn  Cafe 
BprniA  lo  Cape  Vttd. 


Let 

D.  M. 

Cape  Spartel     .  .  35  49N 

L*ara«h      •       •  .  85  11 

New  SaUee       •  .  34  5 

Mazagan  •       •  .  33  18 

Cape  BItaeo  .  3a  8 

Cape  Cantin      •  •  83  81 

Saffia  Bay  .  33  20 

MOGADORE  Uland  .3125 

Cape  Geer  .  80  38 

Cleveland's  ShMl  .  30  45 

Santa  Cnu       .  .30  30 

Cape  Nnn  .  38  87 

Entrance  of  R.  NttI  .;3B  17 

Cap«Blanca  .|37  64 

Cape  Bigador  .|26  12 

Cap«  Das  Botae  .  32  15 

Cape  Blanco      .  .  20  55 

Cape       Ana    .  .  20  a:i 

Cape  Myric       .  .Il9  10 

Portendic  .18  7 
SENEGAL,?.  Brebcriel  5  53 

CAPE  VERD     .  .  14  47 


Long. 
D.  M. 
6  64W' 
6  12 
6  43 
8  85 

8  40 

9  5 

8  46 

9  31 
9  52 

10  21 
9  38 

U  16 

11  31 

12  42 
14  27 

16  40 

17  10 
16  35 
16  io 
16  3 

16  31 

17  3.3 


l^XXfV.    The  Western  Islantls. 


CorfO  . 

riores 

i^'ayal,  S.  £.  point 
Pico,  P«tol  «e  Eapertal 

—  Summit  of  Peak 
St.  George,  S.  E.  point 
Graciosa,  Villa  da  Pra 
Terceira,  Angra 
St. Michael,  P.Delegada 

—  Pqiat  Ferrtria 
tf'm  B.  Point 

Formigas  or  Ante 
St.  Mary,  Town 

—  West  Point  . 


Let 
D.  M. 

39  44N 
39  26 
38  30 
38  26 
33  27 
38  31 
2 

38  39 
37  45 
37  64 
37  49 
37  17 
36  59 
36  59 


ya  39 


Long 
D.  M. 

31  7W 
31  7 
28  42 
28  36 
28  28 
27  50 
27  40 
27  13 
25  39 
25  58 
25  15 

24  54 
23  10 

25  14 


XXXV.    Jifadeira  Islands. 


Porto  Santo,  Town 
Mndetwu  Lorenio  pL 


Lat. 

D.  M. 
3:i  4N 
as  48 


Long. 
D.  M. 
16  14\V|:^ 

16  36 


Long. 

D.  M. 

D.  M. 

32  54N. 

17  14V\ 

i2  38 

16  54 

32  22 

16  96 

3()  13 

15  43 

-iO  6 

15  54 

XXXVL    Canary  [slands. 


J 

..at. 

Long. 

D. 

M. 

D. 

M 

Palma,  Town 

28 

39N. 

17 

SOW 

—  N.  point  • 

28 

60 

18 

00 

—  S.  point 

88 

31 

17 

56 

Ftrro,  Valvcfde  • 

87 

47 

17 

56 

Qomcro.  St.  Sebastian 

28 

6 

1  7 

a 
o 

T^n^rifTf*   llidnico  nnint 

•2S 

40 

Iti 

21 

—  Orotava  . 

28 

24 

lb 

36 

—  Tena  Point 

38 

17 

17 

1 

—  Peak 

23 

16 

16 

46 

—  Port  Chrtftianoa 

27 

57 

16 

63 

—  SANTA  CRUZ 

28 

27 

16 

16 

Canary,  N.  B.  point 

28 

13 

15 

38 

—  PaJmas   .       .  , 

88 

8 

15 

43 

—  S.  W.  point  . 

37 

45 

16 

3 

Puerteventura  • 

—  Point  Gorda  . 

28 

46 

13 

53 

—  S.  W.  point  . 

28 

4 

14 

31 

Lanxarote,  S.  point 
—  Puerto  de  Naoa 

28 

61 

13 

35 

28 

57 

13 

89 

Punta  del  Farion 

29 

14 

13 

12 

Graciosa     .      .  . 

29 

14 

13 

14 

SLCIaIrt  . 

29 

17 

18 

18 

Akgnnsn  . 

29 

■20 

13 

10 

xxzvn. 


Cap$  Ttrdlttandi. 
Tat" 


Long 

D.  M.  D.  M. 
g^St  Anthony,  N.  W.  FJi7  18N.  25  l9Ul 

J^N.  E.potat    •      .  17  8  35  8 

-SANTiCRUZ     .17   9  25  15 

St.  Vincent        .      .  16  59  125  6 

St.  Lucia    .      .       .  16  46  24  55 

St  Nicliolai,  N.  point  16  46  94  37 

—  Eaatpoint  .  .  16  28  24  12 
Salt  bland  .  .  16  45  22  56 
Bonafista  .  .  .16  4  22  45 
Leton  Rocic  .  .  15  49  23  14 
Isle  of  May  .  15  6  |83  6 
St  Jago 

—PORTO  PRAYA 

—  N.  W.  point  . 
Fogo,  N.  point  • 


Brava,  8.  point 


14  84 

15  96 

14  57 
14  58 
14  30 


193  30 

23  48 

24  22 
34  23 
'94  43 


XXXVIH.    From  Cape  Ferd  fo  the  Capi 
^Oaaimpa.  ^ 


CAPE  VERD  • 
Gone  bio  .  • 

Cape  Naze 
Cape  St  Mary,  enf.  to 

the  River  Gambia 
Cape  Roco  . 
Capo  Vena 


D.  M 
H  4SN. 
14  40 
14  99 

13  19 
19  19 
10  6 


Long. 

D.  M 
17  33W 
17  95 
17  1» 

16  40 
16  48 


tro 


TABJUE  XLVI.  Latitudes  and  Longttudctf. 


S 


'J 


DekM  Isle* 

CAPE  SIERRA  LEON 
St.  Anii>»  SM,  Wi  P 
Cape  Ann 
Caf»e  Mount 
CftpeMotandt  • 
Sestos  Hirer  • 
Cipe  Paimas 
St  Andrew*i  Rim 
Ciye  Lahon 
CaoeAppoloida  . 
AXIM 

Capo 'nne  Matt 
Dix  Core  Foft  • 
Sakondee  .  . 
EUnina 

Copo  CorR  Caitlo 
Anamoboo  Fort  . 
Acra  .  • 
Capo  8t  Paid  . 

Whidah 

Formosa  River  . 
Cape  Formosa 
New  Callabar  Rim 
Cameroon's  Riror 
Cape  St.  John  • 
uoooii  RHvp 
dc  I^pas 


12  39 


Sesto  River 
Congo  River 
Amhris  Bay  , 
Dandc  Point  , 
Cape  Ledo  • 
Novo  Redondo  . 
St  Philip  de  Bcnguela 
C>pc  Negro  (appears 
like  black  hommoclu) 
T^r'8  Island,  If.  F. 
Cape  Frio   .  , 
VValwich  Bay 
mhooFoiQC 
Ansra  Pequena  . 
Elizabeth  Bay 
St  Helen's  Bay,  (Cape 

St  Martin'to)  .  .  39  48 
Saldanah  Bay  ,  .  33  7 
Dassen  Island  .  .  33  S5 
TaUoBM^RoMaM.  33  49 
Capo  of  Good  Hops 

Toirn  .  .  .  33  53 
CAPEofGOODHOPE'34  24 


S  00 


8  36 
848 

8  43 

9  50 

12  25 

13  15 
13  47 

13  98 
18  48 

18  99 

11  64 

19  1 

12  42 

14  40 

14  40 

15  16 
15  37 

17  40 

18  7 
18  7 
18  96 

|I3  28 
18  28 


XXXIX.    IsUmda  belwtm  Cape 
Gqw^  09oi  Btpe,  md  Cape 


Verd,4Ju 


St  Pani'i  . 
Fordinad  Noronha 
ThoRoccas  (dangerous) 
Femand  de  Po,  N.  P. 
Prince's  Island  . 
St  ThoMMi  (Mas  ol 
Wai^Baj)  • 


StTh's.  M.of  W.B  3.P. 
Annabona  .  . 
Trinidad 

Martin  Vas,  (largoat)  * 
ASCENSION  . 
ST.  HBLENA,  James 

Town 
Soxemburgh* 
Tristran  d'Acunba,N.  P. 
InaecoMiMoffllaad 
Nightengale  Island 
HibemiaRocks(doubt)l37  31 


Lit 
D.  M. 

0  5N 

1  398 
18  IB 

|90  31 
766 

15  53 
30  22 
37  7 
S7  98 

37  27 


Long 
D  M 
6  35  E 
6  46 
199  SWi 
28  38 
14  16 

5  86 

194  00 
11  4S 
19  95 


Diego  Alvarex  (doabt.) 
Gol^h*oUaBd 


39  80 
<0  19 

SO  59 


Lat. 

Lone. 

D.  M. 

D.  M.  g 

0  5SN. 

29  13W€^ 

3  OSS. 

38  35 

3  52 

33  26  0^ 

3  25  N. 

7  36E.  a 

1  33 

7  27  J 

0  97 

648  ^ 

I.  Raza,  N.  W.  point   , 

SaIvago*k  laPi.  N.  point  50  99 

The  Sisters        .  .  51  7 

PortEomoot      .  .51  22 

trfand  Coneha  .61  15 

Cape  Leal  .  51  91 
Point  de  la  Barra,  N.E.  ' 

Point      .      .  .51  98 

Cape  GoriMitoo  .  .  61  94 

Port  Soledad  .  51  33 

Cape  St.  Philip,  E.  P.  51  43 
Beauchenes  I.  S.  point  52  45 

Porpus  point      .  '52  29 

Cape  Meredith   .  .  52  4 

Cape  Orford       .  .  51  56 

Cape  Porei?ol  .  SI  47 
Aurora  Isles, 

—  Northernmost  .  69  43 

—  Soathemmost  .  53  86 
Eagle  Reef  .  51  51 
Alexander  I.  Uood  .  69  30 
Poter>  L    .      .  .  69  30 

Island  Georgia,  . 

—  Cape  Builer    .       .  53  58 

—  CapcDisappoinUnent  54  58 

—  Willie's  Isle   .      .  54  00 

—  Clerk's  Islands  .58  8 
Sandwich  Land*  (Cape 

MoBtaiae)  .  99  88 

—  Candlemas  Isles  .  57  10 

—  Southern  Tbule  .  39  34 
lale  of  Circumcision  .154  16 


12 
4 
11 


16 
42 
8 


9  50 

Si  98 
61  18 
60  86 
60  1 

59  00 
SB  87 

57  41 

57  89 

58  00 
57  40 
68  59 
W  88 

60  40 

61  00 
61  11 

IS  10 
47  59 
64  38 

76  no 

90  00 


87  40 
36  15 
38  96 
34  49 

96  46 

27  13 
27  45 
6  14£J 


XL.    From  the  Cap*  q/*  Good 
Canton,  wUh  Oa  mijmmt 


CiPE  orGK>ODHOPS84 

Cape  False 

CAPE  AQLILHAS,  or 

LAGULLUS  .  .  34  58 
Cape  Infanta,  S.  ent.  to 

St  Sebastian's  Bay  .  34  35 
Capo  Vtehflt  .Is4  94 


I>at. 
D.  M. 

94S. 
34  96 


Long. 

D.  M 
18  28EJ 
18  41 

10  18 

20  54 
199  5 


*rheexlsttnce  ofthii  tsbiMl  \s  considifml  rioablful.  Thourb  ibe  iippeaniMf  oftand  bnU  tohar*  t«s  n 
»««n  Iw  wrmil  vMteK  in  rariouf  »itiwtion»,  imtn  SOO  p  S.  to  300  44'  8.  bdU  from  20^  W  1£>  10  SS"  3i>  C 

The  Inland  Su  Matthew  (t    ^  t   ;    \  ,    -i  ■  i ,  -i,,.  . „  n»  Ai  nahona. 
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TABJJKXLVI.  LatitiadM  and  LoQ^tadei. 


Cape  St.  Blai,  8.  Mm* 

sel  Baj    .  . 
Cape  De%ado,  8.  ist 

PlettemberK  Btf 
Cape  Mountains 
Algoa  Bay,  Cape  Bedfe 
ChiM,  «r  Bird  Uli  * 
Doddington  Rock 
Cape  Padron 
"^Rio  4e  Inftmta,  eat 
Ketslcammer  River,  ent 
First  point  of  Natal 
Middle  pt.  of  Nstah 
Third  pt.  of  NataT 
Port  Natal  . 
Point  St.  Lucia  . 
Smoky  Poin^  C  Fumes 
Delagoa  Bay, 

—  Cape  St  Mary,  N. 
£.  P.  I.  St  Maiy  . 

—  EngHah  Rhir,  u- 
chorage  •      •  • 

Cape  Cmrieates  . 
kiabtti  Bay,  Sand 
Point  on  E.  side  Bay 
Cape  StSeba9tian.aboutp  00 
Bazaruta  IsL  N.  end, 

(about) 
Sofala  Bay, 

—  SlioaloifSoraia 
— Clralnrtfiorllolyl. 

—  Sofala,  fort  . 
Quilimope  RiTer,  ent. 

Rocky  Bank  . 
Pogo,  or  Fin  ]ilnd,aff 

Quizungo 
Razor  IslaiDd 
Angoxa  bhiide, 

—  Western.  Caldeira 

—  Eastern,  Mafomale 
IMOZAMBIQUE 

^Querimba  Island,  ikM 
5  Cape  Deigido 
QuUoa     . . 
Zaasfbtr  lelaiid,  8.  P. 

—  N.  P.  . 

Pemba  or  Keddrce,S.  P. 

—  N.  P.  .  . 
Mombas  HoriNNV, 
Chenec  River  , 
Uuilise  Ra?er  , 


Lat 

Long. 

D.  M. 

D.  M. 

U  lOS. 

98  18E. 

34  6 

13  4S 

34  14 

25  00 

34  a 

25  42 

SS  48 

16  88 

33  53 

26  20 

as  40 

26  34 

38  S5 

87  87 

33  IS 

28  7 

to  oo 

31  8 

30  45 

30  IS 

31  22 

S9  55 

31  28 

tB  36 

32  48 

»7  13 

33  15 

26  53 

33  15 

25  58 
24  8 

23  47 


81  IS 

20  47 
20  36 
20  15 
18  10 
17  39 

17  12 
17  5 


a 


32  41 
35  61 

35  52 

36  00 

S600 

36  38 
35  4 
M  45 

37  30 

39  27 

38  52 
S9  18 


Formosa  Bay,  8«  pofait 

—  N.  poiBt 
Patta         .  . 

I>aMlalM  8kotl  , 
Juba  .      ,  , 
iBrava    y  „ 
Magadoar 

Cape  Bassas 
Moro  Cobir  Point 
Cape  Delgado,  north 
Cape  Orfui  . 
Cape  GuardaAii  . 
Socotra  Island,  £.  P. 


16  40 
16  21 
15  1 
12  20 
10  6 
8  41 
688 

5  40 

6  30 
4  50 
4  4 
3  37 
3  85 
$  16 

3  00 
2  39 
2  10 
0  23 

0  12 

1  SN. 
8  $ 

4  50 

5  30 
10  00 

10  88 

11  50 

12  ao 

18  87 


39  40 

40  25 
40  47 
40  58 
40  50 
39  47 
89  46 

39  46 

40  19 
40  26 
40  2 
40  7 

40  19 

41  8 
41  8 
41  81 
41  18 
43  4 

43  2 

44  10 

45  49 
48  49 

50  45 

51  17 
51  39 
51  32 
54  52 
58  88 


I 


Lat 

Long. 

D. 

M. 

D. 

M. 

SacottaUaid,  8.  P.  . 

19 

1.11V 

—  TamsridA  Bav 

*  VMS W4  SUA  a^OT 

19 

AbduUC!uria  Inland 

'aaFU«ff~v/ wa m  AOMUiU  • 

■ « 

•to 

Cane  Felix 

^^»a»v  M  ^wmmm                 V  • 

19 

Cane  St.  Peter 

1  1 
I 

37 

«>w 

•J 

11 

91 

11 

M  M 

14 

47 

9M 

10 

22 

45 

10 

Zevla  ... 

17 

At 

9 

Babelmandel  ot  Pttin 

Isl&nd 

19 

3S 

43 

It  J 

B&belmftndel  Cuia 

■■■^i*  i  a—  1 1  aa       ^^Hvv  • 

19 

40 

19 

PantiiaHa  Skoal 

It 

56 

43 

g 

Ras  Rattah         •  • 

\A, 

56 

a#  V 

40 

'1'; 

Dhalac  island 

16 

88 

40 

6  »f 

Massowali  Bav 

1 1S 

39 

37 

Port  MoiraiiMFCMi.  Mif. 

IS 

l6 

38 

39 

Suakin       .       .  . 

19 

5 

37 

33 

Mirza  Sheik  Baroud 

3& 

O' 

94 

KivwHMm            •           a  • 

88 

o* 

97 

CftM  fiftlmar 

91 

28 

37 

St.  John's  Island 

3a 

OVI 

111 

Ras««l-Ana  fCasANoM^ 

23 

56 

35 

48 

Reef  of  Breakeia  . 

94 

4 

1 0 

Three  Islands 

94 

26 

as 

9f) 

Reef  of  Bveaken 

94 

54 

35 

49 

Dedalus  Shoal 

84 

88 

85 

56 

Gebel  Sibcrget  . 

9'S 

0 

m 

34 

KA 

Centurion  Shoal  . 

80 

35 

48 

Kosine  ... 

96 

g 

84 

15 

The  Bmllun 

26 

19 

34 

47 

SUEZ 

00 

32 

Cane  Jekan 

1 1 
1 1 

Tor  HArhniff 

so 

SO 

97 

'43 

34 

16 

Shaduan  L  S.  E.  P. 

vaavnatavH  M9  va  jhm  m  9  • 

97 

26 

33 

&4 

BUMdr  H— jmsay 

9A 

17 

S  9 

97 

45 

24 

10 

38 

21 

Juddah 

21 

29 

39 

l5 

Camiidia     .       .  . 

IQ 

7 

40 

Marabia  RaafiiW.  P. 

19 

11 

40 

5 

Doorfaall.  •  • 

16 

15 

42 

8 

Lobala  • 

15 

44 

42 

44 

GaMTor  . 

15 

m  ar 

88 

48 

00 

Cape  Israel  • 

15 

16 

42 

41 

Gehcl  Zabayr 

15 

3 

42 

18 

Hodeida     •       »  . 

14 

48 

42 

57 

Shoal  ofl*  Ras  Magvinel 

14 

85 

Var 

48 

56 

jOebel  Zeghir  • 

14 

8 

42 

52 

Great  Arnie      •  . 

41 

42 

59 

MOCHA 

IS 

8  V 

SO 

4? 

20 

Cane  St  AnthonT 

39 

44 

14 

a  ■ 

CoDe  Aden 

12 

44 

14 

Cape  Hai^iah 

18 

30 

r47 

8 

Macula  Bay 

13 

57 

47 

59 

Cape  Bogatshjia  . 
KiMaeiiMt  . 

14 
15 

6 
19 

r<9 

24 
80 

CapaFirfaafa 

15 

34 

al 

56 

Dofar 

17 

3 

54 

10 

Cape  Morebat 

17 

00 

54 

32 

Cape  Montcval,  N.E.P. 

17 

26 

55 

20 

Curia  Muria,I.  Western 

17 

33 

\hh 

40 

Cape  Chanaeley  . 
'CapaIsoletl€t^>  .  . 

18 
18 

2 
58 

|56 
I57 

30  J 

Digitized  by  Google 


e 
as 


.s 


—  N.  E.  P. 
Rasalhad,  (Cape  Kusal' 

gat) 
Cnpe  Kuriltf 
Muscat  • 
Bttitt 

Point  M« . 

Cai>e  Mus5endorn 
\zab,  or  Gap  Island 
Great  Quoin  laUuid 
CapeJcdee  .  • 
(tumps  • 
Rxxiilkbima 
I'mrab,  or  Red  Island 
Sbarga 

Bootnabeen .  • 
Zam  Island  .  • 
Dauss  Island  • 
Jarnain  laland  * 
Arzcnie  Inland  • 
Daimy  Island 
Seer  Benijass  L  . 
DmieUbni 
%erai:oiv  Island  . 
ftwiool  Island,  (pn 
bably  I.  May)  . 
Ras  Rcccan  • 
Koor  Hassan 
KatifBay^N.P.  . 
ThfMlow  ataiy  Uii» 
Sandy  Island  • 
Rasulzoor   .  • 
Uasulurbud,  (S.  E.  p« 

of  Graeh  Haven) 
Mulmaradam  Istauid 
Graen       .  • 
PhorfceelM  fahnd 
Basra  river  bar  . 
BASRA  or  BUSSORAI 
Delam 

Cape  Bang  .  • 
Karak  Island 
Busbeer      .  . 
HaiaabHins,N.P. 
A«9es  Ears  •  • 
Zczarine    .  . 
Keyn  .       .  . 
Cupc  Berdism  . 
Konklun      .  . 
Cupu  Nabon  • 
Chcrak  HDl 
Busbetil)      .  • 
<^rad  Island  . 
Durable  Shoal 
Crcscctit   hoal  , 

—  ditto  Favourite 
aoundinei  . 

HindenbuiMtnd 
Kyen  or  K  >ez  Island 
Polior  or  Bdior  Island 
itreut  Tunib  1.  « 
(Jttle  fWtob  I.  • 
Nobflcur  I.  , 
orroesa  Island  . 


t  LaU 

Long. 

D.  M. 

D  N. 

on  ()0N 

58  l9E. 

5S  56 

22  22 

59  58 

23  20 

58  57 

23  38 

9  WW  aW 

58  41 

67  56 

.85  34 

g 

.  26  21 

56  38 

b 

.26  22 

56  42 

.26  30 

56  44 

.  26  8 

56  12 

.  95  54 

56  3 

.  25  47 

56  00 

.  25  43 

55  49 

.  25  28 

55  32 

.24  26 

53  40 

.25  10 

53  46 

52  45 

.bs  8 

SS  55 

w  var 

52  33 

52  24 

^4  34 

52  40 

.tS  1 

51  ao 

.  25  13 

58  18 

i 

h 

95  41 

52  9S 

51  l6 

51  11 

SO  IS 

49  au 

V7  wV 

27  52 

49  25 

.28  53 
t 

% 

48  16 

29  20 

47  57 

.  28  48 

48  38 

.  29  24 

47  48 

.  99  30 

4B  85 

29  57 

48  42 

I  30  29 

47  40 

.  29  55 

•nO  18 

29  46 

50  27 

.  29  16 

50  27 

.29  00 

50  56 

WW  WW 

51  96 

w  ■  9w 

.  28  29 

51  20 

.28  2 

49  54 

.  27  49 

50  4 

.  27  58 

51  26 

.27  49 

52  6 

.27  24 

52  68 

54  17 

.  26  4S 

53  25 

.  26  1  r» 

50  40 

■  26  5i> 

50  26 

.  26  44 

51  4S 

!26  50 

51  10 

•  S6  S9 

5S  48 

.  26  29 

54  8 

.26  18 

54  40 

.26  17 

55  24 

.16  14 

SS  13 

.26  6 

54  34 

}%&  61 

55  9 

Surde  Island 
Tape  Dsjera 
Cape  Bostana 
Lin^ 

Kishm  Island, 


N.  W  F, 


.  26  38    55  82 


—  KiabaTown 

Ang^auml.  mid. 
Lanek  I.  (conical  hill) 
Omrat  f.  If.  end,  fort  27  7 
Gambroon  .  .  .27  IS 
Rm  Koli,  or  Cape  HiT 
Kohumbarek,  or  Bom- 

barackRock  .  .85  52 
Cape  Kohumbarek  .  25  49 
Kofaumberek  Shoal     .  85  43 

Cape  Jaak  .  • 
Churbar 

Cape  Gwadur  or  GuadeSj' 
Cape  Anibili 
Cape  MoOOMOr  M«wa- 
ree         •      •  . 
Korauchee  er  Crotclie3r|84 
River  Scind,  «■!■  gvend 

branck  • 
Tattah 
Bate  Gertie 
Point  Gigat 
Diu  Head  . 
Jaffrabad 
Searbett  Islend 
Goapnat  Poieit 
Cambay  • 
SweRoir  FoIbI  (Tm 

Tomb)  . 
Sural  Castle 
Demaun  • 
Highlender8t.MB 
Tcrrapore  Poiat  . 
Bassecn  Rhrer  • 
Bombay,  (flagslell) 
Bombay  lighthouse 
Henery  aiid  Kenery  Isl 

ands 
Coullnba  laland 
Chaoul 

Ra<\japour  harbour 
BancootlUver 

Scvcndrtjqg , 

Dabul 

Argenwcll  Fort 
Boria  Point 
Zttgfaur  Point 
Rettna-Geriah 
Radjepour  Fort 
Gcriab  point  &  fla^tafi 
Anurias  Bank,  N.  P. 
■*~  S.  P.     •  • 
Dew|hinr  heilncir 
Atcbera  River 


,  .^mmm  m  m'  * 

Digiiizea  by  <jUO^ic: 


*Al^LE  XLVI.  LatTtudcs  anc 


tr3 


or 


St 


Newtee  Point 
v'ingorla  Rocks. 

Burnt  htands 
Haree  Point 
Chiracole  Fort 
Chapra  Fort 
Algoada  Pt  N.  ent  Goa 

Bay 
GOA  . 
St.George'9  I.(tTcstern) 
Cupe  Ramas 
Oyster  Rock8,outcrmo3t 
Canrar  Head 
*   ■  Ina  (inland) 

Rirer 
i-'ortitied  Island 
0  nore 

Pigeon  Island 
Barcalore  Peak 
St,  Mary's  Rocks,  N.P. 

S»  P»  •  • 
Molky  Pyramid  . 
Premeira.   or  Molky 

Rocks 
MANGALORE  . 
Mount  Dilly 
Canonorc  Point  &  Fort 
Tcllicherry  Flagstaif 
Mabe  Fort  . 
Sacrifice  Rock 
Calicut 

Bcypore  River 
Paniany  River 
Chitn  a  Church 
Cmn^nore  or  Aycotta 

Ritcr 
Cochin 
Alippcc 
Porca 

Iviker  or  Aybicka 

Wiiilon 

Angenga  Fort 
Kuttera  Point 
Cadinputain  Point 
CAPECOMORIN 
Ceylon 

—  Point  Pedro  . 

—  Colombo 

—  Adam's  Peake 

—  Point  dc  GaJIe 

—  Matura  . 

—  Dondra  Head 

—  Grand  Basitas  . 

—  Little  Bassas  . 

—  Elephant  Point 

—  Agaus  or  Aganis 

—  Battacola  Roads 

—  Vcndoos  Bay  . 

—  Trincoiualcy,  Flag 
staff  Point 

—  Molewal  or  Molatcc 
va  House 

—  Point  Palmyra 


Manapa  Point 

^rrinrhindfTn  Pnsroda 


Lat. 

Lonj^- 

D.  M. 

D.  M. 

15  56V. 

73  39E. 

6  63 

73  34 

15  44 

73  44 

15  41 

73  47 

5  36 

73  48 

15  29 

73  53 

15  28 

73  58 

16  22 

73  53 

16  5 

74  6 

14  48 

74  14 

14  47 

74  16 

14  44 

74  16 

14  30 

]•*  61 

14  19 

74  37 

14  IS 

74  39 

14  3 

71  32 

13  50 

74  58 

13  28 

71  55 

13  17 

74  55 

13  12 

76  4 

13  11 

74  52 

12  50 

75  7 

11  59 

75  31 

1  1  Ol 

ire  /II 

11  44 

75  49 

11  41 

75  62 

II  30 

75  51 

11  15 

76  5 

11  10 

76  6 

10  38 

76  17 

10  33 

76  20 

to  15 

76  24 

9  67 

76  29 

9  30 

9  20 

76  39 

8  64 

76  46 

8  52 

76  48 

3  39 

77  00 

8  23 

77  8 

8  9 

77  29 

8  5 

77  44 

9  49 

80  23 

6  57 

80  00 

6  53 

90  38 

6  1 

80  20 

n  JO 

5  55 

80  43 

til 
oil 

~  1  J<3 

6  24 

91  55 

6  20 

81  39 

b 

7  44 

91  52 

7  57 

81  44 

3  33 

81  24 

9  13 

81  1 

9  49 

80  26 

8  22 

78  1 6 

H  30 

79  24 

Punnecoil  . 
Tutaciirine  . 
Puint  Kam€ii 
Dcviaputam 
Tondy 

P     •     tlynierc  . 

Negapatam  Fort  . 
ve  White  Pagodas  o 
Nagore  . 
Tranquebar 
DcvicottaCEiteroon  R. 
Porto-Novo 
Cuddalore  . 
PONDICHERRV 
.Sndra.i 

MADRAS,  Fort  St. 

George 
Ennore 
Pulicat 
Armcgon 
Poiat  Pennar 
Gondcgnm  . 
I'-'P  Point  Divy 
t  Divy  . 
jMA-ilLIPATAM 
v  .r-  .  >,tr  Point  . 

■  ordeware 
jCorinpa 

fJa;i;gcriiautporam 
Watiara 
Vizagapatam 
Bimlipatnm 
Cliicacole  R. 
Garyam  FlagstafT  . 
Munikpatam 
Jnggcrnnut^  Pagodaa 
Black  Pagoda 
False  Point 
Point  Palmvrns  . 
B  . 
Ii  Pagoda  . 

Kfdgeree 

CALCUTTA  (1  ortWil 

liam) 
Chnndernager 
Sager  Point 
Li ♦  Ji,>n  »  Point 
i  iBracc,  S.P 

Tail     ostern  Sea  Reef, 
S.  P. 

Tail  Eastern  Sea  Reef, 
S.  P. 

Floating  Light  ^  es?i:l 
Tail  of  Sauger  Snnd,3.P 
Codju  Deep  (Ishind) 
Islamabad  or  Chittagoog 
Red  Crab  Inland  . 
Dombuck  or  Elephant 

Point 
St.  Martin's  Reef 
Mosque  Point,  ent  A 

racan 
Terrible*  (mid.)  . 
Cheduba  Pugod&  • 
Tree  l.xl.ind 


1^1. 

Long. 

D.  M." 

D.  M. 

a  At  1^ 

8  60 

78  32 

9  17 

79  22 

9  29 

79  00 

9  45 

79  12 

10  18 

79  58 

10  23 

80  00 

10  45 

79  55 

10  49 

79  55 

11  1 

79  55 

11  22 

79  .14 

11  31 

79  48 

11  43 

79  60 

11  66 

79  54 

12  39 

80  13 

IS  4 

90  22 

13  15 

90  24 

13  25 

80  24 

13  58 

90  13 

14  30 

80  17 

15  20 

80  6* 

15  47 

81  1 

15  59 

81  16 

16  11 

91  13 

16  19 

81  50 

16  49 

82  22 

16  49 

92  17 

16  .^6 

92  i7 

17  26 

82  55 

17  42 

93  36 

17  53 

83  37 

18  12 

93  54 

19  22 

95  10 

19  4U 

33  39 

19  48 

95  52 

19  53 

86  6 

20  30 

87  0(i 

20  41 

87  13 

21  JO 

97  10 

21  44 

flfl  AA 

21  61 

88  6 

88  26 

•i  '2  51 

88  27 

21  35 

88  11 

21  30 

88  27 

21  9 

87  47 

30  53 

99  21 

21  2 

Ho  Xo 

•il  00 

98  37 

21  27 

89  34 

22  21 

91  45 

22  28 

91  52 

21  10 

91  68 

20  34 

93  13 

20  15 

92  39 

19  25 

93  6 

18  48 

93  34 

18  26 

93  45 

S74 


TABLE  XLVI.   Latitudes  and  Longitudes. 


Lat. 

Long. 

Cat. 

Long. 

v.  M. 

U.  M. 

U.  M. 

U.  M. 

Pout  Island 

IS  7N 

5bL. 

P.  Brala,  or  Capas  de 

Church   (or  St.  Jobn'» 

Mer 

A    .4  TIM 

lOi  J7c^ 

Rocks) 

17  28 

•M  7 

• 

P.  Capas  de  Terra 

5  1 0 

103  o 

Calventura  Kocks 

lb  52 

94  8 

Tringany  River,  ent. 

5  21 

103  4 

Buflalo  Rocks 

lb  21 

Great  Redang  Island  . 

9  50 

103  00 

Cape  Negruis 

lb  2 

^4  13 

Pulo  Pnnlian 

b  4 

t  no  Ai\ 

Diamond  Island  . 

Id  52 

^J4  1^ 

Calajitan  Road 

b  13 

Iu3  17 

Sunken  I.  (or  La  Guar- 

Cape  Patani 

7  4 

1  ^  «  CI 

101  51 

da) 

15  41 

V4  15 

Pulo  Lozin 

1  « n 

102  42 

Rangoon,  or  Pegu  riter 

PuloCara  . 

«  aa  to 
100  58 

entrance  . 

1 C  on 
lb  2** 

7b  363 

• 

aiam  River*  entrance  . 

la  30 

1  At    1  r 
101  13 

PEGU 

lis  00 

Vib  o2 

c 
.5 

JuTHIA  or  SI  AM 

14  18 

1  /\  1       1  ^ 

101  13 

Martaban  . 

lb  28 

*f7  30 

Cape  Liaiit  • 

12  87 

101  37 

Tavay  Point 

13  33 

98  o 

Pulo  Way  . 

n  f  f 

9  55 

103  40 

kr. 

Tavay  Island 

13  13 

no  n 

98  9 

Pulo  Oby  False  . 

O  /1A 

8  40 

104  34 

a. 

Cabossa  Island 

12  46 

97  29 

Pulo  Oby 

8  25 

104  54 

W  est  Canister  Island  . 

12  40 

97  25 

Cambodia  Point  . 

S  35 

104  50 

Tanasserim  Island 

12  ob 

nt  fin 
97  30 

Cambodia  River,  »V.  en. 

9  34 

itfUI  OA 

lUb  oU 

Mergui 

12  12 

98  24 

Cape  St.  James  (E.  cnt. 

l  ores  Islands,  we«tem 

11  50 

nt  9 
97  3 

Saigon  R.) 

in  IT 
10  17 

107  4 

.Small  Rock 

11  21 

97  13 

<*a|>e  Trivoane     .  , 

in  oi 
10  21 

1  nT  1 

107  lb 

DoDiel  Island 

11  10 

OT  t9 

97  07 

Pomt  Babeck 

1 1\  m 
lU  30 

107  o3 

St,  Matthew's  I. 

*)  65 

93  4 

Brittos  Bank,  N-  E.  r. 

1  n  OO 
10  32 

t  AY  Cll 

107  00 

Seyer's  Islands,  N.  P. 

8  43 

OV  AQ 

97  48 

^      II  ■ 

Cow  Idlanu 

10  39 

107 

—      P.     .       .  • 

8  23 

97  48 

Point  Kega 
Point  >  may 

1  n  A  \ 
10  41 

■  no  A 

108  ^ 

Junkseylon  I.  N.  P. 

8  *y 

Qa  OA 

9o  *U 

in  c 4 
10  54 

f  AO   f  Q 

ItW  \y 

P.                              •                                •  • 

7  4b 

QQ  on 
98  *U 

Mui-guio  or  Little  Cape 

11  4 

11  4 

108  31 

Parlis  Rirer 

D  21 

100  13 

Point  Lagan 

11  9 

a  aA  4A 

109  4U 

Elephant's  Mount 

b  10 

t  f\£\     CI  fl 

liHl  zl 

Pulo  Ceicer  de  Terre  . 

11  13 

4  AO  AQ 

108  40 

Qucda 

b  b 

100  17 

Cape  Fadaran 

11  21 

«  Alt 

109  0" 

Prince  of  Wales'  I.  Fori 

radaran  Bay  • 

t  1  oc 

1 1  35 

1  AO  J 

109  4 

Comwallis 

5  24 

1  nn  Of 
KHJ  21 

Cape  \arela raise 

11  44 

«  AO    1  0 

109  1» 

Cape  Caran 

3  32 

1  n  1  Q 
lUl  o 

Carmaigne  Hart)oiir,en. 

t  1  AfX 

11  49 

•  AA  IQ 

IIW  I* 

Salangore  Hill  and  Fort 

3  20 

101  18 

>N  ntcr  islands 

1  a  o 

12  3 

109  n 

Pulo  Callam  or  Colong, 

* 

1  re  Island  . 

12  lb 

«  AA    1  0 

109  1" 

S.  P. 

2  50 

101  lb 

Pyramid  Island  . 

12  21 

109  IS' 

Parcclar  Hill 

2  52 

t  A «  on 
lOl  29 

1 

rshiatrang  . 

12  26 

109  l** 

I'arcelar  Point 

2  42 

101  32 

I  hrcc  Kings  Rocks 

12  43 

109  33 

Tanjong  Tuan,  (C.  Ra- 

o 

Hone  Cohe  Harbour  . 

12  45 

109  1* 

chado) 

2  28 

«  A  1  HO 

10!  52 

Cape  >  arela,  or  C.  Par 

Tanjong  Clin  or  Peer 

2  1/ 

goda 

12  55 

109  1 

_« 

Punjali 

1  no  <2 

reriorated  Rock  . 

12  59 

1  na  oc 
1U9  JW 

Fisher's  Island  . 

2  IS 

t  no  1  o 
10 J  I* 

Phuyen  Harhour,  ent. 

13  23 

1  AO  1,A 

109  14 

Malacca  Fort 

2  12 

t  AO    1  C 

lll2  15 

('oumong  Harbour,  ent 

4  O  OO 

13  29 

1  AO   1  V 

109  13 

W  ater  Islands,  southern 

2  4 

fl  AO  on 
102  20 

Pulo  Cambir 

13  33 

1  AA   A  1 

109  21 

Mount  Mora  or  Moor  . 
Mount  Formosa  . 

1  of 

Wc  4« 

CapeSanho 
(iuinboTie  Har. 

13  44 

1        '1  A 

lifi  14 

1  4*^ 

1  no  cA 

13  50 

a  aA   t  4 
lOT  14 

Mount  Battuo  Ballo  . 

1  3^ 

1  A?     1  1 

103  11 

Dutlalo  I.     .       .  . 

14  11 

109  14 

Pulo  Pi»ang 

1  ou 

1  no  1 A 
10.)  10 

Point  iNuoc  Ngol 

1  J    1  A 

14  19 

1  /Ml  T 

109  ' 

Pulo  Cocob 

1    1  7 

1  amquan  River  . 

1  A  OO 

14  39 

i  Ail  dL. 
lUo  90 

anjong  Booro  . 

1  1 

1  19 

rulo  Canton  . 

1  AO  <L 
109  V 

Little  llill,  or  False  Jo- 

Port  Qui-quick  • 

t  ^  OO 

Id  23 

1  AO    4  4 

103  44 

hore  Hill 

1  OA 

1  n.i  ii 
104  4 

Cham  callao 

15  o4 

1  AO  TO 

109  33 

Johore  Hill 

1 

1  ni  n 
104  b 

Cape  1  uron  or  1  lencnu 

lb  5 

109  Id 

Burbucet  Hill 

1  Ol^ 
1 

104  1^ 

Callaobanne  1.  (I\<ent. 

Point  ROMANIA 

1  za 

104  18 

luron)  . 

16  11 

1  AO  Y 

103  7 

r  cU>c  Duxuucci  mu  • 

1  ou 

cape  cnouvay  . 

1  OI 

lb  si 

1  AT  d 

1U7  91 

Romiinia  Reef 

1  25 

104  25 

Hue  or  Huesso  River  . 

I6  35 

107  26 

Ea5tern  Bank,  (outci 

Tiger  Island 

16  55 

107  23 

part) 

1  32 

104  35 

Hainan  I.  and  adjacent 

Pulo  Tingy  . 

2  17 

104  8 

Islands, 

Blair's  Harbour  . 

2  43 

103  40 

—  YaitchewBay  . 

18  24 

106  5i 

Pulo  Vtircia 

3  16 

103  47 

—  Yulenken  Bay.Zenbj 

18  11 

109  35 

Pahan  Road 

3  31 

— -  South  Pt.  of  Hainar 

1 18  10 

109  34 

ringoram  . 

4  12 

103  18 

—  Galong  Bay 

.  IS  19 

109  39 

Howard's  Shoal  . 

4  14 

103  31 

—  Brother's  I's.Xasten 

lis  11 

109  41  ^ 

TABLE  XLVL  X<&titud«8  and  Longitudts. 
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—  LuengsoyPoiatS.  P. 

—  SaU  Rock 

-  Saddle  litend  . 

—  Point  of  land  . 

—  Nankin  l!<land 

—  Tinbosa  bland 

-  FalM  Tbihosa 

—  Toongcan  MotinLpt. 
|—  HainanUead  N.E.P. 
— South  Tayftldaad 

—  North  Ti^a  Mind 
Nowchou 

Ty-foong-kyoh  I.  (Tien 

pak  hurb.) 
ry-Chook-Chow  I. 
Song-yue  Point  . 
Manee-Chow,  or  the 
Twins,  near  S.  W.  P. 
,  of  Hai<Ung-8han 
Ty-oa  Point 
Ncimpang  I. 
Mandarin's  Cap  • 
Moi^-cbow  I. 
Hair-eheoa,  S.  W.oad 
Passage  I.  (nearS»W.P. 

Hair-cheun) 
Wy-Cansa  I.  (near  S. 

point  St  Johfl^) 
Lieu-Chew  I. 
Wizard  Rocks  . 


i 


Lat. 

Long. 

D.  M. 

D.  M. 

19  22N 

110  OOE. 

i9  26 

110  s 

18  35 

no  II 

lo  40 

110  24 

!8  38 

110  21 

IS  40 

110  28 

18  49 

no  34 

19  35 

111  2 

19  59 

110  54 

19  49 

111  11 

19  59 

111  17 

20  58 

110  36 

21  22 

111  13 

21  26 

111  25 

21  31 

111  40 

21  34 
21  43 
21  34 
21  28 
21  39 
21  36 

21  35 


Cott-oock  I-  « 
Tyloo  1. 8.  P.  « 
OreatLfedraae 

Potoe  or  Passage  I. 
Laif-Samee  Peak 
Typa  . 
Maeeo,  Gity 
T^antoa  orTyho  I.  S.W.P. 
r.intin  Island,  Peak 
\sses  Ban  • 
Great  I^ma  I.  N.  E. 
Nine  Pin  Rock 
Wbampu  anchorage 
C  ANTON  . 


21  34 
21  36 
21  47 
31  58 
21  50 

21  52 
31  67 

22  2 
28  8 
22  8 
22  10 
22  12 

422  84 
31  M 
22  5 
22  16 

423  6 
.33  7 


111 
112 
112 
112 
112 


50 
15 
12 
22 
29 


11131 

118  34 


47 
52 
1 
1 
7 

14 


112 
112 
113 
113 
113 
113 
113  44 
113  39 
113  49 
113  33 
113  31 
113  50 

113  48 

114  1 
114  IS 
114  22 
113  32 
113  14 


X.LI.  hlatuU  and  bhoals  in  the  IJ^DlAJi 
OCEAJ^j  httmamk  the  meridimu  0/the 
Cape  of  Good  Hope  and  Sutnatra,  incfu- 
duig  IAms  Wat  mdJforik'WeUQfJ^eK 


Lit 

D.  M 

Dutch  Bank,  Stot  Van 
Capelle, 

VarkMNeilattioM  ftomKO  OOS. 

~  to  .      .      .      .  36  00 
Telamaoae  Shoal, 

(doiMil) 
VarioiM 
—  to  . 

Baiik,doqht. 

French  Shoal,  doubtfu] 
Atlanta's  Rock,  doubtful 
Wellington  Shoal,  \ery 
vioubtful 


39  9 
38  00 

37  85 

38  8 
36  43 

i9  n.i 


Lone. 


38  50E 
43  30 


21  57 
83  94 
36  19 

43  6 
61  00 

71  13 


Prince  Edward's  i9lanii!< 

—  Southernmost 

—  Northenmost 
Kergucllan's  Land,  or 

Isle  of  Desolation, 

—  Bligh'*  Can,  N.  P. 

—  Cbrbtnias  Haihour 

—  Port  Pnlif er 

—  Cape  Digby,  or  E.  P. 

—  Cape  George,  or  S,P. 

—  Island  Solitaire 

—  Cape  Louis 

St.  Paul's  (or  Amster- 
dam Island) 

Amsterdam  (orSt.Paul's 
Island)  S.  r.  . 

Danish  Rock,  doubiTuI 

Cloate's  I.  (loa.  ttncer.) 

Pryal  Rocks 

Rosemarylslands^  very 
\  reef  10  miles  near 
N.W.  of  Rose  >New 
tony  Island  Hol- 
Abrohfos  Shoila.J  land 
Christmas  Uud 
Cow  Isles, 
-  Northern 

—  Southern 
CIarke'3  Rcrf  and  Im- 

perieusc  bboai  . 
Dampiei'e  or  SeoCt'a 
Reef,  N.  W.  end 

—  N.  E.  end  • 
Coral  Bank 

Coral  Bank,  9  fathoms 
Coral  Bank,  7  fath. 
Cartier'sSandyl.orBank 
Red  btend,  (very  near 

New  Holland) 
Coral  Bank- 10  f.  or  less 
Hibemia's  Shoal  . 
Sahul  Shoal,'!.  W.F. 

12  fath. 
Echo's  Soundings,  14 
fath. 

Coral  7  (ath.  Bank 


LaL 
D.  M. 

46  r>3S. 
46  40 


49  29 

48  41 

19  3 

49  23 
49  54 
49  49 
49  3 

.'{7  52 

^8  47 
28  17 
22  7 

20  40 
20  23 

20  18 

28  30 

10  33 

11  50 

12  23 

17  32 

13  52 

14  1 
13  38 

13  25 
12  46 
12  28 

15  9 
12  35 
11  66 

11  35 

II  16 
9  56 


FortiuM Shod    .  8 

I  niotj  Shoal       •       .  35  35 
)utrh  Bank        .       .  31  44 
(Uter's  Shoal,  doubtfu)j33  56 
Princess  Au 

doubtful  .       .  33  44 

Union  Rocks,  doubtful  35  23 
Swdloir  RoeBABieak- 

crs,  doubtful  .  .  28  20 
Bclliquese  Shoal,  doobt.  28  43 
Star  Bank  .  .  .  25  15 
Madagascar  IsUuid, 

—  Cape  Amber,  N.  P.  12  8 

—  Cape  East      .      .15  14 

—  Bay  Antongil  .      .  16  27 

—  St.  Mar) '8  Island   .17  00 

—  Foul  Point     .       .  y  41 

—  Fort  Dauphin  .       .  25  5 


Long. 
D.  Bi. 

37  46£. 

38  8 


68  44 

69  4 

69  37 

70  34 
70  10 

69  11 

68  ^ 

77  61 

77  52 
96  18 
112  30 
105  3U 
115  55 


113  36 
105  33 

97  4 
97  15 

119  14 

121  59 

123  16 
134  89 

124  12 
124  32 
183  56 

124  22 
124  11 
11818 

124  14 

125  50 
139  88 

45  5 

41  13 
44  00 
36  00 

36  16 

41  20 

42  10 
42  33 
44  16 

49  25 
60  30 

50  S3 
50  25 
49  -ib 

46  3a 


Digitized  by  Gopgle 


TABLE  XLVI.  Latitudes  and  Longitudes. 


— » St  Ausuatinc  Bay 

cnl.  (Sandy  I.) 

—  Cape  St.  Vincent 

-  Cape  St.  Andrew 
Madagascar  Island 

-  Table  Cape 

—  BembalooRa  Bay 

—  Majnmbo  Bay 

—  N  arreuda  B^iy 

—  Dulrymple  Bay 

—  PaaMndava  Bay 

—  Cape  St.  Sebestien 


•I 


Star  Bank 

Baiisasde  India 

t.uropa  Rocks 
butaex  Koekd 
Baguuto  Islands 
Barren  Lslanib,  western 


KiigUsh  Bank 
Juan  de  Nova 


Lat. 
D.  M. 

23  HO  S 

21  4b 

16  2 

15  43 
15  4  'A 
15  lU 

11  HI 
13  31 
13  45 

12  29 
25  7 
95  85 

22  28 
21  28 
SI  26 
81  80 
18  2f) 

17  40 


St. 


or 

Chnstophcr*sI. 
Coffin  Island 
Chesterfield  Shoal 
Mayotta  bland  . 
Mobilla  Island 
Johanna  Island,  Peake 
Comoro      .  : 
Portuguese  Shoals 
John  Alartin's  Island 

(doubtful) 
Firebrass  Bank  . 
Aldabral8lands,N.W.P. 

Assumption  Island 
Cosmoledo  l&laud 
Marquift'  oT  Huntley^ 

Bank 
St  Peter's  Island 
Natal  latoad  (deuMftd) 
Sandy  Island 
^t.  Lawrence  Inland 
Zanzibar  Island,  S.  P. 

—  N.  P.  . 
AmirantelslaodfN.  W  .P 

—  »5»  lit*  P»  •  »  • 
MaheBank,  N.  W.  P. 

—  S.  F.  P. 

—  Seyrhellc  or  Mahc  I. 

—  Pra^iUn  I. 
French  Shoal 
African  I«;lands  • 
Alpbonsa  I.  • 
Sandy  UlaadofBaak  . 
Ule  Bourbon  St  Denis|aO  58 
Mauritius  or  I.  of  France 

—  Fort  LouiM 
I  )icgo  Rats  or  Bodfique 
>t.  Brandenor  Caigados 

Garros 

—  N.  part  of  tbe  Bank 

—  Low  ^andy  island  . 

—  \  let  with  huts 

—  Souib  Islet 
Nazareth  Bank,S.W.P. 

N.  K.  P. 


17  3 

17  30 
16  20 

18  54 

12  20 
18  15 
11  38 
18  30 

10  15 

13  16 

9  23 
9  '16 
9  16 

9  57 
9  28 

8  36 

9  10 
9  13 
6  28 
5  -10 

5  10 

6  20 
380 


30 
35 
19 
58 
55 
4 

16 


20  10 
19  40 


18  41 

16  5 
16  27 
16  47 
16  47 
1^41 


L.ong. 
D.  M. 

14  CUE 

43  5U 

45  16 

46  6 
46  23 
17  6 

17  45 

18  9 
48  83 
48  54 

44  16 

40  37 
40  8 
42  36 
316  18 

44  15 
40  15 


43 
44 
44 
45 
43 


7 
5 
8 
14 
50 

44  34 
43  85 
46  50 

43  50 

46  20 

45  46 

47  16 

49  20 

)0  20 

50  42 
47  12 
4S  10 
50  59 
39  46 
39  46 

53  45 

54  30 

54  40 

56  59 

55  35 
55  47 
54  42 
54  9 
52  49 
58  49 
85  89 

• 

57  90 
63  84 


61  15 

59  47 
9  40 
59  34 
59  31 
161  16 


Sandy  Island 
(  Jalega  or  S.  Roquepiz, 

mid.  . 
Saya  de  Maiha  Bank  i 

—  Iin)it3         .       • ) 
Fortune  Bank  • 
John  de  Nom 

Providence  Inland 
Coelivy  Island 
("lingo-i  Archij^clago 

—  Diego  Garcia  | 

—  Pitts*  Bank  | 

—  Centurion's  Baidc  . 

—  Ganges  Bank  . 

—  Owen's  Bank  . 

—  Egmont^SiOr  Six  U- 
unds 

—  Danger  island 

—  Eagle  Island  • 

—  Three  Brothers 

—  Peros,  Banhos  Isl'dj* 

—  Saloman's  Islands 

—  Sandy  blands 

—  Speaker  s  Bank 

Pona  Molttb^ae  Alall, 
S«  P*    •  ■ 

—  N.  W.  P. 

—  N.  E.  P. 
Addon  Island  (mid.) 

Suadira,  soutbemgMQp 

—  South  lieef  • 

—  South  Mand  . 

—  S.  W.  Island  . 

—  N.  VV.  Island  . 

—  N.  Island 

—  Northern  groap,  8. 
W.  Island  . 

—  N.  VV.  island  . 
— "  N.  E.  Island  • 
Adoumatis  Atoll  . 

—  S.  VV.  extremity 

—  Southernmost  Island 

—  island    •  • 

—  N.  W.  Island  . 

—  N.  E.  Island  . 
Collomandous  AtoU 

—  South  Islsmd  • 

—  Long  Island  . 
-  N.  W.  extremity 

^West  eatranea  af 

Coll  Channel 
Molucque  AtoU  . 
Nillmandous  AtoU 
PoulisdouB  AtoU  • 
Ari  Atoll,  W.  P.  . 
Male  AtoHorMaidivia, 

S*  Bi  P»  • 
Gafer  Island  • 
Todu  Island 
Cordivia  Island  . 
Maloss  MadoU 
P^dipeio  Atolit  8.  P 


D.  Bl. 

15  52S. 

10  2a 

11  30 


72  22 

j/J  25 

70  53 
7U  50 
70  12 


5  00 


1  53 


0  48 
0  61 
0  58 


73  19 
73  80 

fS  ss 


TABI£  XLVL  liatitudes  aod  Longitudes. 


V 


5 


9 
14 
15 
29 
35 


I 


D.  M. 

Milla  Doue  Madou     .1  6  -dN, 

TiUa  i)ou  Matityor  head 
oftlie  Uuds,  aorth- 
ern  linil .      •  .76 

Minicoy  or  MiKeoj    .  8  17 

Seuvelli  klancU,  souths 
era        .  .10  00 

Northern      .      .10  6 

—  Soiithcra  extmne 
Keef    .      .      .  9  54 

Kalpeni  Iiland9,i^,P.    10  4 

—  N.  P.  -  .  .  10  10 
C'ourutee  Island  .  10  3^1 
Pittie  .and  Buak  .10  4ii 
L  nderoot  L  .  .  10  48 
.\ucutta  I.  .  .  10  51 
Bingaro  I.  •  •  .  10  55 
Tirtgaro  I.  .  .  .  lO  55 
Am^ni  I.  .  •  .116 
'» rinulpar  I.  .  .11 
Cardatnum  I.  (mid.)  .  11 
tllicapeni  Bttik  {uii,)  H 
Kittan  I.  .  .  .11 
Betnipar  L  .  .11 
Chittael.  .  .  .11  49 
Cberbaniano  Bank  (not 

expbiwd)       .      .  13  80 

Angrias  Bank*  N.  P.   .  16  38 

—  S.  P.     .      .      .  16  18 
Bale  of  Cotton  Uock 

(dMbCfiil)  .  5  18 

I.e  Meme'8Reef(doubL)  1  *0 
Preparis  Uland,  N.  F.  14  bf> 

—  S.  P.  .  .  .  14  49 
Great  Coco  !•  N.  P.    .14  8 

—  S.  P.  .  ,  .14  2 
Little  Coco  I.  •  .13  58 
Landfall  I.  .  .  .  IS  39 
iirt  at  Andaman  . 

—  Cape  Price,  N.  end  18  34 

—  S.  E.  point     .       .  11  30 

—  Port  Cornifallb     .  13  18 

—  Port  Chatham        -11  4l 

—  Port  Campbell  .11  56 
Rutlaid»I.8.P.  .  .Ili4 
Interview  L  N.l»      .13  1 

—  S.P.  .  .  .  12  47 
North  Cendnel  .  .  11  33 
South  or  Little  Centtnel  11  00 
Five  Islands,  S.  P.  .  11  17 
Sisters,  ■outbera  .  1 1  10 
Brotten^nonharo  .  11  00 
Little  Andamaaa  H.  P.  10  53 
-S.£.P.  .      .      .10  86 

Inviiiible  BuikrN.P.    11  87 

—  S.  P.  .  ,  .  10  56 
HFlatRoek  .  .11  8 
Bamn  Maad  •  .  It  16 
Narcondam  •     .     JIS  S4 

Car  Nicobar      .      .9  10 


Long. 
D.  iM. 
73  13£. 


73  7 
73  18 


72  36 

78  39 

72  34 

73  56 

73  5^) 

73  00 
72  51 

74  00 
72  31 

72  36 

79  38 

73  8 

72  28 

73  12 

74  20 
73  24 

72  34 

73  4 

72  15 


72 
78 


8 
8 


88  80 

91  20 
93  40 
93  40 
93  26 
93  26 
93  20 
93  8 

93  9 

92  56 

93  3 
)2  50 
92  39 
99  47 
92  46 
92  41 

n  24 

92  27 
')2  56 
92  58 
198  55 

92  38 
98  40 

93  41 
93  40 
93  40 

93  54 

94  18 


877 


Chowry  I,  . 
terresm  I.  N.  P. 

—  .S.  P.  . 
Katrhnll,  VV.  end 
Nuiicowr)-  i.  k  harbour 
Camorta,  N.  P.  . 
Tillangrhongldi.  N.  P.;  8  33 

—  S.  P.  .  . .  .  8  22 
Mcroc  L  ,  .  .;  7  29 
Little  NU(*ar,  N.  P.      7  26 

—  S.  P  .  .  .  7  13 
Great  Nicabar,  N.  F.    .'7  8 

-  S.  P.  •        6  45 


TongT 

D.  M. 
93  12E. 
93  17 
13  21 
93  29 
93  41 
93  42 
93  46 
93  46 
93  46 
93  52 
93  46 

93  55 

94  00 


XLII.  Tk  Titrndi  efSm^  Jim,  M. 

I'mglon,  Caspar,  Banza,  ioUk  tk*  «4}a|> 
eaUMMds  md  Straits. 


99 


LaL  1 

Long. 

n 
u 

M 

D 

M. 

■\pliM*n  ... 

s 

34  N. 

9'i 

26E. 

27 

rCuii  « OUl         .  • 

29 

I  u 

tL.iepomn(  iraininimii  • 

ft 

*j 

JO 

^0 

T*/w^1r»n-^^niv Ai  Pninf 
1  uuiou"-^«ii"»  ui  ruiui  • 

13 

a  V 

97 

22 

Diamoiiil  Point  . 

5 

18 

Q7 

48 

1 

A 

5S. 

•in 

oawcanus  *  ouh 

Q 
« 

Of) 

104 

53 

Fourth  Pint  . 

20 

1  w 

Thini  Pnlt 

• 

S3 

1 U3 

OA 

S#irAn<i  Mat 

m 

9 

41 

^  a 

lOtl 

41 

First  Poti  • 

3 

00 

in  1 

oo 

5 

1  (K 
1  vo 

00 

4(1 

DIIIUIIIIIt|  "■"if  * 

^ 

5 1 

104 

25 

Bencoont  • 

35 

Cawoor  •  • 

4 

56 

29 

4 

^3 
«f  .J 

uLinaio  sini  • 

102 

30 

BENCCILEN  (Fort 

Marlbrough) 

3 

48 

102 

28 

Cay  tone  .  • 

3 

29 

102 

14 

Moco-N)co 

3 

34 

101 

26 

Indrapor  Point 

8 

6 

lUO 

55 

Padacglead 

0 

66 

99 

63 

Prianai  . 

0 

40 

99 

53 

NaUl  ■ 

0 

30N 

98 

4U 

Tappcnoij 

1 

40 

9S 

40 

TappMM  • 

2 

00 

97 

57 

Sinkcl  Iver  • 

2 

13 

97 

22 

TrouBode 

2 

46 

97 

r 

Pofaitlibon' 

3 

8 

97 

Point  Tiinpot  Tuon  • 

3 

15  . 

97 

If) 

South  Uly  Pow 

3 

22 

97 

11 

MucUie  . 

3 

28 

97 

4 

UboinHadje  . 

3 

32 

96 

59 

3 

35 

9;i 

5.1 

Nortk  ally  Pow 

3 

36 

96 

56 

Tanflirrangar 

3 

38 

% 

66 

Soosf  • 

3 

42 

96 

50 

(^uaUh^attoo 

3 

43 

96 

43 

Cape  1  lix 

3 

43 

96 

27 

Anahbo  .      •  • 

4 

9 

96 

6  ? 

Puloilbcdo 

6 

4 

95 

14 

Pulo/^'ar 

5 

49  ^ 

95 

23 

5 

48 

6 
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TABLE  XLVl.  Latitudes  and  Longitudes. 


Lat 
D.  M 

Pulo  Rajah        •       •  4  40N 
N.  Cocoa  lalaods  lying 
N.W.  of  tte  Nmrlii 

point  or  Hog  fsland 
Hog  Island,  N.  P. 

S.  P.  . 
Coral  Bank 
Burgb  liock  • 
Shoal,  10  feet  . 
Castlereagh  SlosI 
North  Pulo  Daa 
Passage  bland 
Bird  Island 
Lucotta  Island 
Londise  Shoal  (N.N.E. 
il  E.  '  from  Lacotta, 
dist.  2^  leagues)      .  1 
Mcnsular  Island        .  1  3^ 
Pulo  Dua  .       .       •  1  24 
Pulo  Nyas,  S.  P.       Jo  3i 
Pulo  Tamong  « 
Pulo  Panjang 
Clappe's  Island,  middle  0 


3  2 

9.^  SSE 

.3  58 

%  4 

.9  91 

%  32 

.3  31 

96  42 

.  2  47 

97  26 

.  2  48 

97  S3 

.9  « 

9Jr  6 

.2  55 

9f  99 

.  2  2i 

.11  5( 

.  1  51 

|6  8< 
lo  I' 


Pulo  Mintaon,  or  Batao 
Pulo  Ayer  Besar 
Se-bcero  or  G.  Fortune 
I.  N.  P. 

—  S*  W.  P*      •  • 

Se-pora  or  Soudi  Pora, 

N.  W.  P. 
 g,  p, 

Nortii  Pogfir  w.'n.  p 

—  s.  p.  . 

South  Poggy  Isl.  N.  P. 

—  S.  P.  . 
i.nagc  or  Laig  bbads 
Rat  island  • 
Trieste  or  Reeft  Iilandf4 
Pulo  Ptsang 
Liltlr  Tortunc  Island 
Liigaoo  orI>eccitl.N.P. 

—  E.  point  . 

—  S.  k.  point  • 
S.  point       •  . 

—  W.  point  . 


2  OC 
.9  86 


hi 

41 


.favn  Head  .  .  6 
t  irst  Point  .  .  6 
Second  Point  .  .  6 
Third  PoiQt  .  .  6 
Anger  .  .6 
•rStNichoIasP.  5 
Bantam  .  .  .)6 
BATAV  I  \  Observatory  6 
Carawang  Point  .  6 
Sedaiy  Point  .  5 

Point  Pamsnoekan  .  6 
VVoerden  Castle  Rock  6 
PrinccssCharlotte  Shoal  5 
Indramaye  Poiat  .  6 
PuloRackit  .  .5 
Bumkin's  Island  or  out- 
er Shoal  .  S  4r 
rhcriboo  Mountain 


32 
52 
50 
SOi 
30 

8 
54 
15 
89 
30 
31 
81 

48 
44 
86 

87 

3 
53 
5 
9 
1 
S9 
11 
2 
68 
15 
66 


Lon 


rfMa 


98J20 
97  52 

97  21 

98  10 
98  30 

97  30 

98  7 
100  17 

93  3S 

99  9 

99  33 
99  68 


m 

00 
00 


5 
13 
15 


00  34 

01  u 
08  83 
01  88 

104  6 

101  38 

102  25 
108  40 

102  38 

102  29 
:02  19 

105  11 
105  18 
1U6  81 
105  40 

105  54 

106  2 
06  10 
iOO  52 

107  18 
107  87 
107  49 
107  52 

107  54 

108  80 
106  88 


108  23 
108  26 
m  14 


Lat 
D.  M 
6  46S. 
6  67 
.S  59 
6  22 
6  35 
6  42 


1=^ 


Taggal  Rock 
Samaraog  flagstaff 

—  anchorage 

Mandalique  Island 
Lerang  Point 
Rainbang 

Point  Panlnor  Paaeo  Is  58 

Sourabayc  ,  .7  15 
Cape  Sandana  .  .  7  49 
Bawnbonang  Bay,  Pt 

Goonog  Ikan      .  9  23 

—  East  point     .       .  8  46' 
Turtle  Bay       .       .  7  48 
Tulan  orDirekTrie'sBay  7  50 
Wine  Cooper's  poiat  .  7  28 

Noesa  Baron  L  .  .  8  38 
Tangala  Islands,  largest  S  26 
Clappe's  Island,  aboat  7  4 


Mew  Tsland  .16  49 

Peak  on  Prince's  Islandls  35 
Peak  onCroratoo  islandlfi  B 
Peak  on  Tamarind  Isl. 

or  Pulo  Bessy  -  S  66 
^ulo  Sebooko  .  .  5  53 
Cap  .  .  .  5  69 
Button  .  .  .  5  51 
Th«  art -the- way  .  •  5  55 
Zutphcn  Islands  (larg- 
est) N.  P.  .  .  5  50 
S  outh  Watcher  .  5  41 
Maneater's  bland  .  5  51 
Pulo  Baby  •  *  5  48 
i  hoosand  Mandi^  N.  5  28 
Pruysen'sDroogte  Aoal  5  17 
Annuyden  Bank  -5  13 
North  Watcher  .  •  5  12 
Three  Sisters  •  •  5  44 
North  Island  .  •  5  41 
1  wo  Brothers,  northern  5  9 
Lynn  Shoal  .  •  5  12 
Shabunder  Shoal  .  s  9 
Brouwer's  Shoal  .5  5 

Lucepcra.SentSuBancad  13 
Nanha  Islands   .       •  8  85 


i 


Baoea  Island 

—  Sooth  Point  . 

— Taigong  Paj\jong  or 
Point  Lalary 

—  Monc^in  Uill  • 
Tanjong  Oaoaliqg 

—  Tanjonj;  Muncooda. 

N.  of  Baoca 

—  Tar\jong  Tuan 

-  Songy  Lcat  Bay 

—  Tanjong  Rvah 

-  GoonoDg  Marass 
Mount 

—  Tanjone  Breket 

—  Rocky  Point  . 

—  Entrance  Point,  'Or 
S.  £.  P.  . 


3  6 


49 
00 
49 

28 
33 
50 
55 


53 
36 
2  56 


9  8 


Long. 
D.  M. 

110  25£. 
1110  84 

110  SI 

111  27 

111  19 
118  94 

112  48 
114  22 

114  25 
114  33 
109  43 
J08  19 
106  36 

113  35 
112  26 
105  89 

105  15 

105  15 

105  t25 

105  2S 
105  26 
105  67 
105  57 
105  51 

105  47 

106  43 

m  30 

106  14 
106  18 
106  47 

106 

105  48 

105  49 

106  5 
106  13 

105  68 

106  14 
106  10 
tl06  48 


106  40 

106  4 
105  14 
105  80 

105  51 

106  6 
106  9 
106  14 

105  51 

106  Si 
106  f4 

106  S4 


# 


TABLE  XLVI.  Latitudes  and  LongUudtf.  f 7i 


T\  as 

Long. 

Lat. 

Long. 

V*  .Al. 

D.  M. 

D.  M. 

Awez  oiiou  or  KWTue 

Dintang  I.  N.  W,  P. 

1  ION. 

104  19E. 

KOCE      •  • 

••I  07C 

1 A7  Oi? 

Johore  bhoal  . 

1  IS 

104  4 

V'anpiittart's  Shoals  < 

( 

1  n7  9 

if  /  z 

c*t.  a  M     ^B%a  •           .  -  -  oa 

Show  ent  hUo  SInits 

4  A 

1  8 

104  11 

lU  <  9 

Sincapour  I.  E.  P. 

1  22 

104  00 

rulo  L*eai  or  iniaoje  i. 

Pulo  Battaio,  N.  £.  P. 

1  10 

104  4 

'i^iCMIB  ODINU      •  • 

OA    w-«    *  sen 

«  %A 

1  14 

103  5] 

Qknal  IVateB  flJlAaul 

9  OA 

lu/    1 J 

Kocky  Reefs      •     .  . 
Middle  Island 

a  A 

1  9 

103  53 

oouin  iBiana     •  • 

«9  VU 

1 117   1  \ 

1  13 

103  46 

rvonii  isiBJiu      '  • 

lu/  lo 

Coney  Island 

4  a^ 

1  9 

103  41 

uennw  nei%  iii  s  hock 

«  ij.) 

1  A7  1 

lyj  t  1** 

Buffato  Rock  • 

<  A 

1  9 

103  48 

i»i9Covery  kock  ■ 

O  £L1 

1  r.A 
lUO  JO 

Korks        .  • 

a  ^ 

1  6 

103  45 

rulo  uiftMft  Of  iiasper  i» 

S  *9 

I A7  A 
1U#  0 

Red  islang  • 

a  £ 

1  0 

103  38 

Tma  1-1— .j 

•  SO 

lU/  UU 

Trta  hhoA 

4  ak 

1  8 

103  36 

• 

•  »  arrcD  ria?nng  s  onoaj 

lUO  ,'}7 

ail*      A       ^  ■  _  M 

Alligator  faluul  • 

1  10 

103  40 

DdViUcrC  a  OuOHi  • 

1/17  ftfl 

Rocks 

a     a  A 

1  13 

103  36 

e 

V  ansiluUT  8  oDOeU 

«  1 1 

inA  AC 

Little  Carunon  . 

1  8 

103  34 

iiiiisuorou^ii  L>oo3ii 

9  1 

iUO  383! 

• 

ureal  Canaion,N.r«  . 

1  7 

AAA  A« 

108  81 

1  JO 

I A7  1 

w 

Tut          V%         A  t_ 

The  Brothen  . 

1  10 

103  21 

lUO  zo 

1 

Pulo  Cocob       .  • 

1  198. 

103  25 

BillitMiIilaiidfS.  E.P. 

a  M 

lAA  1  ft 

w 
U 

Pino  Pisang 

1  98 

103  16 

— 'o.         rOUK  • 

'ill 
.1  13 

IA7  I"* 

\V  atcr  Islands,  or  Four 

 p 

^^I'l.  i »     •         •  • 

107 

J  vf  9«> 

Brothers,  S.  r. 

2  4 

102  20 

1^  •  w  •  isiuia  on  DUiiion 

F  isber's  Island  . 

2  13 

103  13 

ouoc  isianii  ^lOrQicrij 

Bamheck  Skoal  • 

8S7 

101  41 

Dira  1.  anu  ivtutctw/ 

o  Hi 

lUO  ,6 

n  1     ^  4^^a 

Pulo  Callani  or  Cokmg, 

r  ox  ouoai         •  • 

1  lA  A 

Oo                •             ■  • 

3  56    101  16 

■  >  1  A               A  «k  M  M 

rulo  iTiuicap  • 

51  IK 

IIV  11 

wi*           —     1    a     aJk  ak 

Two  and  half  uthoms 

P     1Wfan#><>n  UV<nn1     C  P 

r .  in&IlCap  oDOCll,       <  . 

lyioCUvCi  T  B  Wv  Colt  DciUA 

1 1 A  11 
I  lU  11 

Bank     .  • 

3  54 

101  4 

108  43 

Round  Arroa  • 

3  49 

100  49 

— '  EiaBicru  DanK  • 

^  so 

1 AQ  1 A 
Ivy  IU 

Blenbeim's  Shoal 

3  3 

101  2 

rvt  ci       •         •  ■ 

•J  JO 

1 V3  to 

Long  or  GiMt  Anoa  • 

8  58 

100  44 

\ja\Kv\y  3  norui  onoai  . 

1  1  Q 
•J  1 7 

loa  4A 

IWO  'iU 

Two  BrothenL  Fok) 

J  1/ 

va  J 

Faodan 

3  24 

99  54 

~'  iNMMI    •          •  • 

Q  iSA 

Ilia  cfi 
iw  90 

—  PowSalanama 

3  21 

99  58 

iuouiaran  iraimMuui 

o  9<; 

S  Oit 

Pulo  Varda  • 

3  47 

99  36 

lAfi  i;o 

lllO  9* 

rulo  Jarra 

4  00 

100  14  ! 

lOfl 
ivo  00 

Sambilang  L  Southern 

4  3 

iUO  35 

Z  J 1 

Uinding  I.  W.  P.  • 
Prince  of  Wales*  I.  Fort 

4  16 

100  35 

Minto  Rocks 

9  14 

109  51 

•  'DHUIO  8  oOOEl  •  • 

1  AA  90 
lUo 

Comwallia  • 

6  34 

100  31 

Rendflsvow  L  • 

1  in  1 
1  lU  a 

Pido  Fera 

5  48 

99  1 

ouuroulou,  »*  .  r.  . 

1  A9 

lUO  HI 

Boontins  I.  Southern  . 

5  45 

100  18  . 

f 

Carimata  1.  Peak 

i  36 

108  54 

e 

Pulo  Bonton  (Dome) 

6  33 

99  20 

% 

rulo  r  apan       •  • 

I  X9 

109  sD 

Pulo  Ladda,  S.  P. 

6  8 

99  42 

••3 

Pulo  Panambangan 

1  12 

109  14 

Trotto  I.  N.  P.  . 

6  49 

99  39 

I'lassa  1  cc^H  isie*  • 

U  0  J 

1  AQ  1  0 

S\angald  or  Guilder Bock 

7  10 

9S  '0 

lireig  8  oboal 

lUo  39 

Pulo  Telibon 
The  Brothcvi 

7  14 
7  31 

99  29 
96  80 

1  ne&evcn  islana5,rv.>V. 
ruio  vareia  or  oanuab 

I  o 

1U5  24 

Pulo  Rjyah  or  P.  Taya 

7  36 

98  20 

0  M 

104  20 

Junkseylon,  S.  P. 

7  46 

98  20 

rulo  laya  • 

0  45 

104  5S 

1  he  lyalantigas  . 

0  3a 

103  51 

XUIl.  liUmds  md  ShoaU  in  tk»  CUlNk 

iicDisicr  dooal   .  . 

9  So 

lOo  2 

Lingin,  Tamong  £ang, 

Lat. 

Long. 

o.  r<.  exw  . 

A  on 

lUv  4 

D.  M. 

D.  M. 

East  Domino  Island,  . 

0  10 

106  4 

St.  Barbc  Mnnd 

0  7N. 

107  15£ 

GcUirias  Bank^iaincas 

Direction  Island  • 

0  15 

108  5 

I)u;;ger  Bank  . 

0  48N. 

104  58 

Pulo  Datoo 

0  7 

108  36 

Rhio 

0  57 

104  SO 

Wclstead's  RoA 

0  32 

107  55 

Eastern  Island  off  Pulo 

St.  Esprit  Islands,  E«  • 

0  34 

107  13 

Panjang 

0  64 

104  66 

Green  Island 

0  43 

107  30 

i 

Island 

048 

104  61 

St  Jnliui  Ifland 

0  54 

106  48 

Three  Brother^  Mvlh  . 

0  31 

103  44 

Tambelan  Islandf»  Sa*t 

107  35  ' 

\ 

Pedro  Branco  • 

1  ao 

104  36 

or  Great  L  • 

1  00 

Islands  off  P.  Romaine 

1  «3 

104  SO 

Gap  Rock 

1  18 

107  35  1 

i 

BintanK  I.  (the  bill  ) 

1  2 

10  1  :'.o 

Kurope  Shoal 

1  13 

107  86 

•Digitized  by  Gopgle 


TABLE  XL VI.   Latitudes  and  Longitudes. 


Lt'dl. 

Long 

i.ai. 

OJ:^. 

U.  M. 

1-/.  lu. 

U.    Of . 

Rocky  Isianu 
Camei'fi  Hump  . 

tiounu  isiuDii  or  ureal 

1  in 

lUD  33 

1/81  WICK  • 

10  An 

lAA 

I  Uo  oz  t. . 

Saciule  Island  . 

1   1 A 

in7  4 

10  32 

r  rcnch     bite  Kock 

1  %o 
1  o* 

1  nA  19 

iriinerTa  s  oanK  • 

lO  17 

1  in  t  i2 

>  ictorv  Island 

1  «>4 

1  nf^  99 

Vcaslee  uocK 

1  Id 

mf>  91 

1  UD  I 

inTcailj^dior  s  v^ural 

>V  tute  Kocu 

Pa  .nil 

raicu  • 

14  19 

119  r«9 

Macedoniaii  Roef 

Z  Zu 

1  riion  s  1*  or  OtiuK  o. 

South  Anamuos,  li-  \  • 

>> .  part 

19  W 

111    1 1 
111  11 

mils                .  (  • 

2  40 

106  30 

Pa^^soo  Keah  (Sandy  I.> 

16  3 

111  45 

Pulo  Domar 

i  49 

1  At»  9T 

lUO  z/ 

tsombay  nicrcDani  i 

l6  4 

.viidUle  or  vt.  Anamuos, 

^Knol    V  P 

119  3R 
1 1  z 

»v.  limit 

1  Q* 

•9  7 

inA  A\ 

Q  p 

•^o*  *  •        •           •  • 

1  %  FA 

119  9A 

1 1  z  zn 

!>ortD  Anamoafl  • 

lUD  lO 

Ulscover}  suoait  >v.  r. 

1 A  If 

Iff  19 

J 1 1  oz 

rulo  i  ingy 

Q  1  7 

IIVl 

llrt  O 

V  P 

Ci.  i.        •               •  • 

lA  m 

III  ja 
III  •»o 

■2 

bx.  Islet  on  1^.  lingy  • 

9  fl 

in4  1 1 

lU-t   1  1 

j(  nangirc  s  i^orai  oanK 

Ih  18 

lis 

2 

r uio  AUi\  or  v»  awoor 

9  9Q 
Z  ^7 

in4  'i^ 

>  uiauor  s  tsooai)  b.  i  •  • 

lb  14 

119  7 

•Jit 
• 

I  UIO  r I9UI2  or  ranioec 
lan 

9  17 

1  lid  0  1 

 vv  P 

iyrcsceni  cnain  .  > 

16  IB 

119  on 

t  I*  Vrvf 

Piiln   TimMttt      C  P 

rUlO  1  imOuU,  o.  r . 

1  fl  J    1  'i 
lv/4    1 'J 

—  Money  a  isianci  • 

111  3n 
tit 

—  N.  P.  . 

9 

—  Koticri  a  isiana 

lA  11 

111  34 
All  <>l 

—  nay  on  a.  »> .  siuc  . 

9  AA 

x^aiiic  8  isiana 

lA  13 

111  3A 

ill  OD 

—  iN.idiet  Ou  IN.>* .siue 

9  <W\ 
Z  tTO 

• 

—  jyniinmonus  s  israria 

lA  94 

111  44 
III  t-« 

rUlO  >  uTCla 

o  ID 

ifti  47 

Q 

—  viovcrnor   i^uncan  a 

riiio  onua  or  c&pas  oc 

Island 

lA  27 

111  40 
III  •»v 

1  err€ 

J  47 

lUJ  J/ 

-~  /iniciopc  8  sDoai  • 

lA  97 

1  1 1  1^ 

III  OJ 

Pulo  Capas  dc  Terrc  . 

5  15 

103  8 

Obsenation  Bank  N.  P. 

16  37 

111  41 

• 

oi.  i  iciTC  li^ianus 

1  F>(% 

lUo  OS 

PviKM*Man  l#y\Al^ 

ryruniQ  itocK 

I A  Vt 

119  17 
1  iz  o< 

—  L<eugo  CI  ivocics 
i<arKiri  s 

t  f^l 
1 

t  AO  (^9 

Laincoin  isianu    •  • 

1A  41 

ID  It 

1 14  44 
I IZ  nZ 

9  11 

Z  1  1 

1  no  1  <^ 
i\r)  Id 

l«  nf^lr  mr    Mm  1 A  n  #1 

i\ucKy  iflianu  • 

lA  A9 

119  90 
IIZ  zv 

2  U 

lAfl  <^7 

16  50 

119  IS 

1  1  *    J  V 

•3 

ooum  naiuna  8  isianuji 

Auipnuriieisiunus,  «> 

lA 

1 D  "7 

114  19 
IIZ  19 

c 

—  dOJiQ  island  or  aa* 

 r  p 

f  19  93 

A  IS  *0 

pata 

9  9<3 

z  ^a 

iiorui  onoai,  tv.  r.  . 

17  5 
1  #  9 

111  9A 

111  ZD 

£iSBi  isianu 
—  V\  est  Island  . 

«  t « 

9  il3 
Z  14 

IHQ  9 A 

lua  4u 

 p  p 

17  6 

III  39 

111  «M 

V/i».»K           Vint  fjln«.<1 

—  .>orin  or  rial  island 

•3  •> 

lUO  D'l 

XTiaccieauCiu  oanK,  ii-  \ 

19    1  * 

lit  44 
1 1 J 

9  HA 

in?  4Q 

inits               .  ^ 

lA  91 

ID  *1 

Huttnn'a  Siinnl 

1  2 

oL druiiruiiKU  or  t<iar*  i 

15  4 

117  44 

lit      1  1 

L/i«lim  oHOdl 

1  Q 

Irt7  44 

singoia  ouoai, limits  ( 

IJI  13 

1  vJ  1.9 

117  ^1 
11'  9j 

iioriii  iia^cocK  isianu 

ov.  iv>spni  oDoai  (uy  l<i. 

urouic  yr  ureal  iiaiu-  \ 

11  )Q  9 A 

IIOBS^       .           .  . 

1 7 

11%  A 

no  1     1 1  m  !f  a  i 
lla  !•  limilS  •            •  f 

•1  I  •> 

104  ft 

1 UC5  n 

—  ^oy  Asseveioo/ 

14  6 

17  V 

llA  & 

— rctiKcu  Mianu  • 

•i  fill 

tna  III 

Pl^^la             Pi-  n  f  n  in*  ii  d.A«l 

r  raias  or  rraier s  onoai 

■  >ru.i1llual  IVOCKS  • 

'k  a 

107  94 
lu  /  z** 

• 

!V    P  P 

ii«  r<.  » 

90  47 

1  ll«  JkJ 

1 IV  t>4 

d  1 

107  f»9 

 N  W  P 

11 A  A*i 
1  iO  4Z 

V/UiUI  UrC.  I        .  k 

1 07  AO 

—  /\ncuoragc  • 

90  43 

1 1 A  J9 
i  ID  4Z 

ni7  47 

—  Island  . 

90  4.*) 

1  lA 

1  lO  -td 

NnHli  \ntimM  !■   ^  P 

LiUriU  .ittlUIIci  Id*  o«  a  > 

J  49 

107  A^ 

ureal  i^auronc  . 

91  57 
•  1  v» 

11^  AA 
li^  44 

•                •  • 

4  4Q 

i  vo  * 

1 1  lie  isianos  near  v>wi' 

nVinvn  VVnf^r 

4  1Q 

107  57 

I U/  ff 

ion  arc  given  in  no. 

4  1** 

107  4 A 

4  IF/  10 

Ai^.anu  iiuiO-AX<T  i.j 

4  9=^ 

in7  fi7 

I  ^ro  i>ranco  . 

92  14 

1 7 

1 1%  4 
119  3 

Piiln  Ohv 

A  91 

o  zo 

104  f>4 

L.aniocK  islands,  ouicT' 

1  III;  oi''^"'  r**  ^Cii9iern/ 

o  oo 

loA  1  a 

lUD  lo 

most  ... 

0/1  14 

II'  17 

Charlotte's  Bank 

7  5 

107  39 

• 

e 

Andrade  Rock  (very 

Phaeton  Bank 

7  00 

107  29 

doubtful) 

9  66 

111  4 

Royal  Bishop's  Bank  . 

9  44 

108  21 

e 

Luconias  Khoals 

Britto's  Bank,  N.  E.  P. 

10  32 

107  56 

—  Hard  Rocks  . 

5  S4 

lis .« 

HoUond's  Bank,8.W.P. 

10  36 

108  32 

—  Two  Fathom  Shoal 

5  5 

Ut  » 

—  N.  E.  P. 

10  48 

108  47 

I 

—  Dry  Sand 

4  67 

US  SO 

PuloSAPATA  . 

10  1 

109  2 

Sea  Horse  Reef 

5  35 

lis  2S 

Pyramid  Rock  or  Little 

—  Half  Moon  Breakers 

8  46 

116  :^ 

Catwick 

10  2 

109  00 

y: 

—  Bank 

'10  67 

117  W 

f 


1*ABLG  XLVI.    Latitudes  and  Longitudes. 


S8I 


Lat. 

Long. 

D.  M. 

D.  M. 

Paraquas,  5  or  6  leagues 

from  Palawan  . 

9  ION. 

117  29E. 

Euphrates  bboal  . 

5  38 

113  24 

Kirton'8  Sboals  . 

5  39 

113  15 

—  ditto 

5  49 

113  2 

Louua^s  Breakers 

6  20 

113  18 

Mantannaoc  Isles 

6  39 

116  7 

Barton's  Sboals  . 

(i  55 

116  6 

Royal  Charlotte's  Rocks 

6  57 

113  38 

—  Sands 

10  47 

114  29 

bwallow  or  [nvestiga- 

tor's  Rocks 

7  23 

113  44 

Viper's  Bank 

7  30 

115  7 

—  Breakers 

8  00 

115  25 

Ardasier's   large  coral 

flats  and  gaps  . 

—  VV.  P.  (Walpole, 

Cornwallis  and  A.) 

7  56 

113  12 

—  N.  E.  P.  (Walpole 

and  A.) 

7  54 

114  24 

—  E.  P.  ( Ardasier) 

7  40 

114  47 

—  S.  P.  (Pennsylvania 

and  A.)  . 

7  30 

114 

Gloucester  Shoal 

7  47 

114  50 

Stag's  Shoal 

9  24 

112  57 

Prince  of  Wales  Bank  < 

8  3 

1 10  24 

limits        .       .  ) 

8  13 

110  .>4 

London  Breakers 

9  36 

1 12  26 

—  Reef,  western  . 

8  55 

112  00 

—  do.  eastern 

8  49 

112  24 

—  Breakers 

7  33 

113  14 

—  ditto 

7  22 

113  8 

ranges  Breakers  . 

9  22 

114  12 

—  ditto 

10  30 

115  10 

Investigator'sShoalW.P 

8  5 

114  35 

—  E.  P. 

8  10 

114  51 

—  ahoal 

9  12 

116  32 

—  Shoal 

10  44 

114  34 

—  Coral  Rocks  .  ( 

9  40 

113  4 

ditto        .  ( 

9  42 

113  15 

CaTallo  Marino's  Shoal 

5  54 

114  19 

■ 

—  ditto 

8  31 

114  21 

CO 

—  Black  Rocks  . 

9  39 

114  58 

—  Bank 

10  IS 

115  7 

■S 

—  White  Sand  . 

10  49 

115  13 

■« 

—  Low  Black  Island  . 

11  1 

115  17 

mm 

Friendsbio's  Shoal  < 

5  52 

6  00 

112  34 
112  49 

w 

Hardwick's  Reef*  (or 

• 

*3 

Dolphin's) 
—  Breaker's*  (ditto)  . 

9  54 

112  17 

10  2 

112  12 

Royal  Captain's  Shoal 
Bombay's  Shoal  . 
Dolphin's  Reef*  (or 

9  4 

116  43 

9  27 

1 16  55 

112  17 

nuruwiLKC  Of  • 

—  Breakers* 

9  45 

112  30 

—  Breakers*  (ditto)  . 

—  Great  Reef.N.  P.* 

10  8 

112  15 

10  7 

112  9 

—  Long  Island*  .  . 

10  17 

112  35 

—  Breakers* 

10  22 

112  31 

—  First  Island*  . 

10  35 

112  38 

—  I^dge*  . 

10  40 

112  47 

—  Breakers* 

10  46 

112  47 

*  The  longitudes  of  these  places  ought 

probttbly  to  be  increased. 

Lat. 

Long. 

D. 

M 

D. 

M 

Breakers*  . 

11 

ION. 

112 

541 

Falmouth's  (or  Essex) 

low  Island*) 

10 

58 

1 12 

40 

—  Bank.or  Gossard's  B. 

11 

25 

114 

13 

Essex  (or  Falmouth) 
low  Island* 

11 

2 

112 

40 

Gossard's  Reef  (orMld- 

dlcbure  R.)  . 

8 

58 

111 

5 

—  Smull  Island  . 

10 

42 

113 

26 

Cornwallia  Bfcnkcri 

10 

00 

114 

26 

—  ditto      .       .  . 

8 

49 

114 

11 

Subut  Jung  low  Island 

1 1 

32 

113 

29 

—  Bank     .  . 

11 

34 

113 

.51 

Gaspar  Sboals 

11 

36 

113 

51 

South  Seu  Castle's  San- 

ujr  laiiiiiun    iiiiu  Uiiii 

cers.  limits  (bv  Lieut. 
Ross)       .  . 

29 

11 

114 

24 

—  do.          •        .  . 

11 

21 

1 14 

16 

Two  Hands 

11 

27 

114 

22 

An  Island  Mnve^ti?ator) 

11 

8 

114 

18 

An  Inland  ditto 

10 

44 

114 

26 

A  Retf 

10 

15 
00 
8 

113 

40 

Discovery's  Reef  .  \ 

lO 
10 

ll3 

50 

York  Breakers 

9 

50 

117 

48 

Pennsvlvaniu  Breakers 

9 

17 

114 

43 

—  ditto 

8 

48 

115 

17 

—  ditto  (Viper's) 

8 

58 

115 

21 

—  ditto 

9 

4 

115 

17 

—  ditto      .  . 

10 

00 

115 

20 

—  ditto  (Fanny) 

9 

45 

(14 

49 

—  ditto 

9 

32 

116 

34 

—  ditto 

9 

47 

lib 

58 

—  ditto 

9 

52 

116 

48 

—  ditto 

10 

33 

116 

49 

—  ditto 

10 

49 

117 

10 

XLIV.  Itlands  and  Shoais  bettvcai  Bator 
tin  and  J>tev>  Guinea^  South  of  the  Ce- 
le.he%. 


Carimon  Java 
Lubeck  or  Babianlsland 
Arrogant's  Sboal 
Madura  1.  N.  W.  P.  . 

—  N.  E.  P. 
Pondy  Island 

Great  Solombo  1.  (  Hill 

on  S.  E.  P.) 
Little  Solombo  1. 
Arentes  Island 
Little  PuloLaut  (mid.) 
Four  Brothers,  sunken 

islands 
Urk  Island  .  , 
Kangelang  or  Cangay- 
ang  1.  N.  P.  . 
S«  P«      •  • 

—  S.  E.  I.  or  Ilasting'ti 
Island 

Kalkoon  Islands,  north- 
ern, about 
Four  small  ulands  mid. 


Lat. 
D.  M. 
5  50S. 
49 
12 
53 
53 
1 


5 
5 
6 
6 
7 


33 
84 
10 
51 

OO 
15 


6  53 

7  19 

6  56 

6  10 

7  11 


Long. 
D.  M. 
10  34  E 

12  48 

13  00 

12  45 

13  58 

14  4 

14  28 
14  28 

14  36 

15  53 

14  50 

15  13 

15  17 

15  25 

16  24 

15  35 
15  50 


WT\  Taw. 


Digitized  by  Google 


B2  TABLE  XLVI.    Latitudes  and  Longhodes. 


Lnt. 

L^on^i 

I  tt 

•     ill  • 

n  M 

U.  ttl. 

U.  I>l. 

Lircat  Paternoster's  Is.- 

a 

Bally  Island, 

7  1 

117  OOF 

■  Iff   v/vF  a  J* 

c 

  Talilo    Prtinf  nv  Q  P 

—  1  auie  r oini  or  o.  r. 

1  iR  4r 

1  lO  ZEi 

  0>  VT  •  1.  • 

117  If) 

•— 

—  » oicano         •  t 

A  44 

1  1  R  4^ 
1  lO  3C4 

• 

7  ^4 

1 1 7  30 

 N  P  P 

1  I'J  5 

3 
<i 

—  1  WO  low  isictnus 

7  3fi 

117  S"* 

c2 
•) 

Daiij  oiroiiSf  cni. 

MA  At\ 
1 14  nU 

2 

  F  p 

118  40 

i\  suoui  ncui  luc  aiicnur~ 

rO!illlllOn  8    J3laIIUS|  X^- 

li  ^9 

.tx 
e 

age  ai  Daiamouang, 

3 

%V  P 

»» .  r.       .        .  • 

DCurn  r>.  y\     »»  i rem 

—  t^aMiern  isianu  • 

UlIiO|  0«  »  •       •  • 

1 1Q  1 

117  to 

ine  nagitian,  aistani  \ 
miic  1  rom  suorc 

117  9 

I'ljuucr  *<  iiocKS  •  • 

7  41 

114 

i^OKBB  Vyomua,  huoui  • 

^  1 

117  Q 
lis 

Banditti  Islsnd    .  . 

A  4/« 

1 1  ^  1  ^ 
i  1  3   I -J 

o.nanK  on  i^ocSiiL/Oinua 

J  ID 

117  OO 

L.oniuocK  1.  o.  r.  aooui 

111:  fwi 
IID  W 

v'liioconii  ortvoiiFronin  ■ 

<>  1  'i 

*9    1  «J 

111  out 

  P«,-,l-     nana-  IV      IT  P 

— ~  rcah,  near  ii.  jeo  jt. 

8  91 

11  <^ 

IID  **> 

rll'n  C*.   CfniCKCnH,  a,  r. 

1 1  7  'i4 

—  iionii  roint   .  . 

8  11 
oil 

7a1tnciflr  r\r    ^AflnnnflT  nr 
CialinaJI  or    oaualiUII  u> 

L«oniuovK 

I  t 

i^aerfl  i. 

1 18  Qt; 

—  Isles  near  IN.w.r. 

8  11 

llo 

—  L>orai  DanK  on  auiOi 

—  Aiii|yaanan  Kiv.  cnt. 

o 

P 

—  L.oDoa^ce  or  Daiij 

—  (lUlO,  fci.  r.      .  • 

1  own 

ft  AO 

,  •  t,  la 

lib 

  Aitin    W  P 

i  17  <^8 

riPionoa  isiflno 

8  S 

ttl  44 

—  TMP  r ainonis  DnriK 

3  R2 

118  20 

ruio  iviujo  ori>iayo  ii.i^. 

o  # 

1 1 7  11 
111  Jl 

Tonvn  IsLinda  S  VV  1- 

6  31 

118  36 

Flat  Island 

8  9 

1 17  25 
111 

—  EI 

5  31 

lis  46 

oaiiut/Uj  o   *■  0|]l/«|By  \ 

7  4d 

ii7  13 
11* 

t'lii^m               «           «  • 

5  27 

119  5 

limit*  J 

7  5f) 

118  3 

T^nnnkrlfA  nr  Trinilrilr  1. 

5  34 

1 19  24 

9  2 

\%(t  42 

RHII  Khn*l    N  P 

6  00 

1 19  2 

—  1  inior  lunE  i.  \0u 

 c  p 

i5«  r.       •        •  • 

1 19  00 

TV  \v  P  ^ 

Q  91 

1 1 A  ft? 
1  in  o/ 

I'lHiisTieia  ?00ai  • 

1 90  It 

—  Sumbava  Bay  . 

&  OT 
B  X/ 

117  *4 

'<iiuuie  isiajiU  1 

120  9J4 

—  Turobora  Mountain 

ft  Q 

*  tt  A'l 
117  4  J 

"Buayer  i.  in.  r.  . 

iO|l  no 

—  BicDia  Bay,  rugged 

ft  1 1 
Oil 

PnmKvnn  1    C  T) 

v/amDyna  i.  o.  r.  • 

121  1 

point 

llo  Ol 

5  91 

—  ditto,  rocky  point 

ft  d 

f  f  d  tK 
liQ 

Il7 

5  40 

—  S*py  Bay,  anchorage 

ft  111 

iipg[aai9  Island 

ft  \1 

—  S.  E.  Point 

ft  ^9 
O  431 

Il9  14 

Doiiion  i9ian(i|  s.  i .  • 

Goonong  Aper  I.  Peak 

0  11 

OH 

IIt  o 

  Tnvn 

5  27 

122  48 

1    .  ^%a^^             r%     1  a  1  (B  an  m\ 

vyoiDoao  ismnii    ,  . 

ft  44 

1  iQ  *t7 

  N    P  Pnint 

4  91 

123  4 

r  lores  or  ftiangerye  1. 
»3.  »»  .  r .  about  • 

4  55 

123  11 

■          a  1 

ft  AA 
O  OU 

—  East  Point 

5  15 

123  15 

  ^    P  nKniil 

Q  flA 

141  in 
Izl  w 

Tokpn  Rp««i*'«  lalanHa 

—  LiOueiODie  >  oicano 

0  91 

— ■  \\rn  nciivnniri   N  \VI 

**UIIC,l*>Cl|||E|^  I* 

5  15 

123  31 

—  11.  r.  Mores  Head, 

—  Pinnunko  S  P 

6  14 

w   a  » 

124  1 

ur  iron  oapc    •  . 

1 4t  4 

123  Z 

*  C'liuvcna  or  cviiKo 

WIIIU          •           •  > 

6  10 

straits  or  !•  lores,  S.  en. 

8  40 

123  3 

oi.  iiiaiiuew  8  Islands, 

oanual  >V  ood  1  N.  P. 

A  4  e 

9  16 

o  18 

124  16 

Dlun  or  >t  est  r . 

Q  ^4 

Il7  w 

6  41 

120  14 

—  o.  exiremiiy 

in  44 

lU  ZZ 

1x0  w 

Tonin  1  \ 

lA  IV\ 

IzU 

Schi^HAm  I^lnnrlit  N  \V 

7  1 

120  28 

rauefvawT    Or  tS&T* 

—  S.  E. 

7  12 

120  56 

ing  a  Day 

a  IT 

120  W 

—  Shoal 

7  27 

121  13 

irt  97 

lU  J/ 

Isz  w 

KuJatoa  Islanil 

7  12 

a  V 

121  40 

10  4D 

121  3 

Mfred's  Sboal 

7  9 

121  36 

?ainrer*9  Re<>rnr  Ranm. 

121  13 

ruio  ^.yotnDa  or  C&nbfly 

i  47 

123  41 

lore  Shoal  ahoiil 

7  40 

i^uuiuien  i»  A  CftK  i  On 

—  ditto,  another  esti- 

N. W.  P.)       .  . 

8  IS 

123  52 

mate  . 

121  46 

—  E.  Point 

8  14 

124  00 

^nf|^lica'8  Sboal  . 

7  35 

121  58 

Puntar  I.  N.  E.  P. 

8  10 

134  » 

—  ditto,  another  esti- 

7 40 

East  Island,  Str.  of  Aloo 

8  80 

124  00 

mate 

122  18 

Middle  Island,  ditto  . 

8  23 

123  ^> 

Rusa  imi  or  Luaardjr  1. 

S  17 

121  36 

Ombay  or  Mallao  I.  . 

^<u»a  I.inguettc  or  Ro- 

N.  W.  P. 

8  9 

124  27 

fn^let  1. 

8  6 

122  00 

—  E.  P. 

8  17 

125  15 

•  '  "r   I  'irpc  B  is(ard» 

8  14 

122  41 

Rotto  orRoitel.  S.W.p! 

11  2 

TABLE  XLVL   Latitudes  aod  Longitudes. 


£8S 


Long. 

D.  M. 

1  D.  M. 

2  34S. 

118  58£. 

0  8 

0  IN. 

119  26 

0  48 

119  57 

1  15 

190  S4 

1  28 

12.T  4 

1  42 

126  ^ 

f  59 

196  94 

1  22 

1-25  19 

0  48 

126  00 

0  28 

123  15 

0  48  S. 

194  19 

4  3 

3  34 

*2 

5  SI 

199  1  > 

5  40 

120  28 

5  33 

120  9 

4  30 

117  7 

4  37 

117  15 

5  3 

117  9 

6  15 

117  9 

5  26 

117  00 

4  51 

115  53 

4  25 

116  3 

4  12 

il6  21 

4  17 

116  30 

496 

116  39 

116  41 

3  11 

4  7 

3  39 

116  54 

3  37 

117  43 

3  3 

117  53 

9  50 

2  10 

117  58 

s  o 

1 17  42 

0  54 

117  36 

0  38 

119  43 

7  19N. 

117  6 

7  16 

116  58 

7  69 

117  00 

117  16  J) 

7  48 

118  40 

S  GO 

119  37 

8  24 

117  14 

11  30 

119  37 

11  16 

119  21 

700 

118  36  , 

6  1 

121  12 

6  15 

121  89 

6  15 

120  4H 

6  00 

122  4 

i^U 

122  H 

698 

121  56 

6  39 

121  50 

6  41 

121  45 

6  47 

191  60  > 

6  30 

22  30 

6  5<  f 

Timor  Island,  S.  1 
-  Copang,  roit 
cordia  • 

—  Peak  . 

—  N.  W.  Point  , 

—  Tulycaon  Baj 

—  Batto-gady 


—  DiUy  or  Dia^ 

—  East  end 
Pulo  Batto 
Pulo  Caabini 

sage  1.  8.  P. 

—  N.  P.  . 
Wetter  Island,  E.  P. 

fulo  Baby, 
8.  W,  P. 
Goonong  ai^  or  Bun 

ingl.       .  • 
Dog  Island  .  • 
Kisser  Island 
Fulo  Jackee  or  Noosa 

Nessing  . 
I^ttee  I.  W.  P. 
Roma  Island 
Lucapin-hay  or 
pern  I. 

urtle  Islands,  easte 
Cerowa  Island,  abo 
Babbcr  Island,  about 
Timor  Laut,  S.  P. 
Anroo  Island,  8.  ext. 


UIV* 

Long. 

Urn  ivi. 

n  \f 
v.  I>1 

lU  4D  O. 

131a  xUEi. 

ITto  MJ 

10  9 

123  35 

9  41 

124  11 

a 

7  an 

ISO  OO 

tot  ot 

S  57 

124  55 

S  39 

125  13 

8  35 

125  40 

8  21 

127  15 

1  *9  lO 

I  8  21 

125  39 

8  11 

12^^  43 

7 

1  qh  ha 

5 

II  ^a 

7  41 

O  UU 

1 Q9  7 
IX/  / 

k 

Is/    1  O 

.  8  16 

127  -10 

,  7 

.  5  40 

127  21 

1  5  25 

127  38 

t  6  10 

129  53 

.  7  25 

130  40 

.  8  15 

131  50 

.  9  00 

135  00 

XLV.    Bmuo,  CeUbes,  Luamia^  with  the 
mdjmemt  Jslmda  mid  fiMf,  n  fir  tnal 


uccadana  .  • 
'aiyong  Faetie  • 
^ontianaorLewa,  B^. 
*oiat  Mampara 
iackoo  Rontl 
liver  Sambas,  entrance 
Ta]\)ong  Apaa 
'anjonR  Datoo 
BORNEO  Road 
^  Teaga . 
Abai  Harbour 
Keency  Balloo 
lain  . 
aiyong 
fio.  N.  P. 
*oiiit  Unasana 
^eliit 

lifer  Passier, 

lagged  Point 
Shoal  Point 
(Poiat  SahiiBt  8b  P. 


Moun- 


PofaitL«[k*8.W.F. 
MACASSAR  Towa 

'Cape  Maiifihar 


LaU 

Long. 

D.  M. 

D.  M. 

9  638. 

110  14E. 

1  16 

110  7 

1  16 

109  35 

0  9N. 

109  19 

0  17 

188  56 

1  4 

1  13 

109  3 

1  55 

109  24 

3  00 

no  36 

S  00 

114  3d 

538 

115  7 

6  91 

118  15 

6  5 

116  40 

7  1 

11«  46 

5  17 

119  2 

1  5 

119  10 

1  648. 

116  30 

9  10 

116  48 

9  36 

116  47 

410 

114  49 

6  37 

119  S3 

5  9 

119  36 

3  35 

118  8_ 

Cape  William 
Cape  Temoel  or  Samsa, 

s.  r. 

—  N.  W.  P. 
Cape  Donda 
Cape  RjTBfa 
Manado      .    '  • 
Cape  Coffia 
I.  Banca  • 
Kema  \  illage 
Castican  Bay 
Goonong  Telia  River 
Capa  Talilio 
\^  eywongy  I»l.  about 
Wax  way  Island,  mid. 
CambynaLFeak 
Middle  Island 
Boele-comba  HiU 


Waller's  Shoals  and 
Laurel  Rocks,  limits 
Noesa  Sera  Isianda 
Noeaa  Conba 

hoal  off*  Noesa  Comba 
Little  Pulo  Laut  1.  mid. 
Morasses  or  Manetessa, 

lafand 
Dwaalder  Island  . 
Royal  (jieoige  Shoal 
Two  Brothaia 
Great  Pulo  Laut,  N.E  J 

—  N.  P.  . 
S.  lal.  oirilio  S.E.P. 

The  Three  Alika 
Dry  Sand  Bank 
I'riangle  Islands,  mid. 
LitUa  FMaraoileii,  8.P. 
E.  P.     •  • 

—  N.  W.  P.  .*/ 
Pamaroong  or  Dradie 

kin  1.  S.  P.  , 
Seveo  lalanda  . 

Baoguey  Peak 

Balambang  1.  N.  Harb. 
Uaiabac  1.  <UiU) 
Mangsee  blanda 
^t.  MkhaePa  Islaode, 

(Bangcnwang) 
Toob-BataJia  Shoal 
Palawan,  W.  anil 

—  N.  P.  . 
Ragged  lalaod 
Cagayan  Soolo  . 
Soolo  Island,  Town 
Takoot  Paboonoowan 

Shoal 
Paogootaran  L  • 
Belawn  I.  E.  P.  . 
Tapeantana  Istend,  E.P 
TaWook  Maad  . 
Mataba  Island,  S.  F.  . 
Peelas  1.  N.  P.  . 
Ballook  Ballook  • 
Basilan,  L  E.  P.  .  '  . 
Cnis  I. 


Digitized  by  Google 


TABLE  XLVI.   Latitudes  and  Longitudes. 


Lat. 
D.  M. 
6  4bIS 
6  5S 

13  36 

13  40 
J3  46 
12  34 

14  36 
14  29 
14  88 

14  52 

15  50 

16  27 
18  42 
18  48 
18  39 
14  8 
16  95 


C 

c 


SangbojB  or  Hare'a  Lip« 
Teyngftiitattd 

Catanduanes  I.  5.  P. 
C.  del  Espiritu  banto, 

N.  E.  P.  Samur  I. 
St  Bernardino  Island 
Tieao  1.  Port  bu  JaciDto 

Manilla      •  • 
Cavite  • 
Ent  Manilla  Bay 

t  oint  Capones 
Two  Si-vtcrs  Islands 
I'oint  Holiano 
Cape  Bajador 
Point  (]^avnaion  . 
('ape  Enganno  . 
Maubao 

CapeSt  IMefomo 

Samboongan  . 
Point  Batagonan  . 
Suriago  ?iUtCB»ll«ir  N. 

Point 

Cape  St.  Augustine,  S. 
F..  P. 

South  or  Scrangi  Point 
Mindanao  . 


6 
7 


63 
61 


9  47 


N^os,  South  Point    .  9 

—  roiat  J^ojoton  .  9 
Ca^ny^ines  Islandif , mid.  9 
Panay  1.  Point  Maaog 

S.  P.   .      .  Jio 

—  Asloman  village  .jlU 
PMnt  Potob  or  N.  P.il  1 

11 
10 
19 


4 
39 
10 

6 
50 

d4 

25 
32 
48 
24 
46 
88 


Dry  Sand  Bank  . 
Sombrero  Kock  . 
WhHe  lk<»ck 
Cuyos  Islands 

—  Uujniluban  (North 

ern  Island)  .  .  H  28 

—  Grand  Cuyo  .  .  10  52 

—  Southern  I.  .  -!lO  40 
Caravoa  or  BufTaloa  .  11  53 
Betaey*tBank,61athoinall  48 
Ylin  Inlands,  S.  F.offS. 

P.  Mindoro  .  12  9 

Coral  Shoal,  West  of 

ditto,  about    .  .19  II 

Apo  Bank,  8.  P.  .  .  12  36 

—  £.P.     .      .  .  12  40 

—  N.  P.    .       .  .  12  45 

—  ^.  W.  p.  (Wet)  .  12  40 

—  West,  or  Gn  at  Islet  12  39 

—  Discover;  Bank  .  12  40 
Coron  Island  .  .  11  46 
'•rccn  Island  •  .  12  3 
Haycock    •      •  .  12  9 

viPinnadellock    .  .  12  18 

N.  AV.  Rock       .  .  12  23 

r?ail  Rock    .       .  ,  12  22 

Busvagnon  I.  N.  P.  .  12  19 

Calavile4irii|g|hL  .18  81 


1 


Lung. 
I).  M. 
21  41 E 
81  43 

24  16 

25  38 

24  38 

23  34 

21  2 
20  55 

20  3 

19  47 

20  00 

21  00 

21  14 

22  21 

21  44 
81  46 

22  14 
88  84 

85  85 

26  48 

25  32 

24  35 

23  3 
22  32 

21  23 

22  6 
22  6 
88  8 
21  54 
21  37 
21  21 


21  11 
21  21 

21  31 

21  4a 

20  57 

21  15 

90  67 

20  33 
20  36 
20  31 
20  29 
•20  28 
20  43 
80  18 
19  40 
19  51 
19  54 
19  55 
19  50 
19  56 
19  56 


Group  of  Islands,  S.  P 
N.  P.  • 

Turret  Island  • 
North  Kock 
Mindoro  I.  S.  P.  , 

—  Point  DoQgnn  or 
Pandan 

—  Point  Calavite 
Lttban 

Goat  Island 
BBbu>aj)  Islands 

—  Lapurip  or  Dalu- 
peri  1.  . 

—  Fiiga  or  Mew  Babu- 
yan 1.  , 

—  Cani^nint. 
Babuyan  Isl.'nds, 

—  Guinapac  Rocks 

—  Didicas  Kodu 

—  Claro  (or  Old)  Ba- 
buyan  . 

—  CalayanL 
Baabee  lilandt 

Baiintang  or 
mood  isles 
Sabtong  I. 
Bashee  L 
Goat  1.  . 

Batan  or  Monjaoulb 
I.  8.  P. 

ditto  Mount,  N.  P 
Grafton  or  High 
Bound  I. 

Bayat  or  Orange  I 
North  Bashee,  High  I 

—  Northernmost  I. 
Gadd*8  Reef 

Cumbrian's  Reef,  doubt- 
lul,  probably  the  same 
as  Gadd's  Reef 
Little  Botel  Tobago 

Xima 
Botel  Tobago  Xima 
Vele-rete  Bocks 


S 


19 
J 19 


Long. 

M  T) 

18  17 

12  22 

120  10 

12  87 

120  1 

13  11 

121  22 

12  48 

120  58 

13  87 

120  20 

IS  44 

120  12 

13  51 

120  7 

19  15 


1 
4 


Jv'l  34 


19  5 
19  12 

19  37 
19  8S 


19  58 

20  14 
80  14 
20  Jft 

»  17 
20  9» 

20  34 
SO  ST 

21  3 
21  9 
21  43 


21  35 

21  56 
21  59 
21  42 


Fonnoea  I.  booA  Cifc  il  64 


Gomano  Island  • 
LisMnatninl.  S.  E.  P 
\uiti<  B«ssey,  9.B.P. 

—  N.  E.  P. 

—  N.  W.P. 

Xiilla  Maqgoin,  W.  and 

Grejkoimd  Stnits  | 

Haycock  I.  off  9.  W.  P« 

Xulla  Talaybo  . 
Skellon^s  Island,  on  N. 

W.  P.  ditto 
Middle  hlantl 
Albion's  Island  . 
Bouro  Island,  N\  W.  P. 

—  N.  eit 

—  N.  E.  P. 

—  Ci^eli  or  Bonro  Bay 

—  South  Point 

^ni!i!;n\  I 

■PV99 


1  66S. 
I  46 

8  2S 
58 
58 
43 

40 
56 


21  43 
88  18 

122  25 
122  31 

122  17 
12i  46 


122  94 
122  12 
Ut8  9 
18t  7< 


182  13 

m  7 

122  8 
122  B 
121  43 


m  45 

121  45 
181  43 
180  58 
111  00 

187  38 
lv6  S8 

125  58 

186  48 
186  81 

184  30 


1  68 


I  45 
1  45 
53 
6 
8 
15 
24 
49 
o2 
BPi 


124  36 

124  36 
121  29 
124  19 
186  ^ 


187 
127 


5 
4 


'J  27  14 


L;iyiii^CU  Ly  GoOglc 


TABLE  XL VI.   Latitudes  and  Longitudes. 


1 

1  ..1 
I. at. 

Loii^. 

Lai. 

Long. 

\J.  [VI. 

D. 

M. 

U.  M. 

D.  M. 

IManipa  Island 

1    1  "T^ 
i    I  iii. 

127 

2BE. 

Tidore  Mountain 

0  40N. 

127  22  E. 

Boiiou  L  about 

1  IkTk 

127 

56 

—  IN.  L.  end 

U  4fi 

127  .>4 

s: 

i/cram  l.SeeaJ  ori3.*>  .r. 

*2    *i  t 
J  Jl 

127 

56 

Tcrnate  island 

0  49 

127  30 

—  Kessing  or  E.  P. 

6  oO 

131 

10 

1  yfore  Island 

0  58 

126  27 

—  w  (trou  oaj' 

130 

40 

Meyo  i:«lanu 

1  22 

12b  .>9 

—  Ulo  Lamata  or  r  lat 

Morty  or  Mortay  I.  (IN. 

roint 

X  53 

129 

42 

ua|>e) 

2  44 

128  2v> 

—  oawa  Bay 

*  51 

129 

6 

[>anca  island,  rcak 

1  32 

rjD  24 

1. ecu  warden  Island 

130 

58 

I  agulondo  . 

Bcjarcn  Island,  Peak  . 

2  23 

125  36 

BO 

—  Shoal 

i  56 

130 

43 

2  6 

125  34 

«jonun  1.  . 

4  00 

131 

41 

Niao  1.  d.  1  oint  . 

2  10 

12  }  35 

•latiaueiia  islands 

131 

52 

—  reak 

i  HO 

123  33 

as 

AMBiUNA  I.  Fort  Vic- 

Sangir  Island,  S.  end 

3  21 

125  46 

tona               .  . 

9  An 
o  4U 

128 

15 

—  Watering  place  on 

[Noesa  Laut  I- 

J  40 

128 

52 

♦V ,  Side 

3  23 

125  44 

Banda  bland,  aoeboragc 

4  31 

1 1ll 

All 

—  N.  cad    .       .    ,  . 

3  46 

125  38 

LookUongor  Land^fcapt* 

(jiatton's  Rock 

3  50 

125  56 

I.  ?».  P.  . 

1  46 

128 

10 

Sallibobo  or  Toulor  Isls. 

Pulotlaasea,  S.  P. 

1  41 

128 

20 

—  Kubruang  S.  P. 

3  47 

126  55 

KeluK 

1  33 

128 

37 

—  Tulour  or  Karkalang 

Vulo  Pisang 

1  lOrSnUrg  8  tVOCKS  • 

1  23 

128 

53 

N  P 

4  25 

126  44 

1  4 

128 

20 

Meangis  or  Menangus  I. 
Serangi  Islands,  S.  P.  . 

5  «)U 

127  17 

Doo  isianas        .  . 

1  I* 

129 

13 

5  20 

125  35 

Weeda  Islands 

128 

25 

—  Peak  on  V\ .  Ul 

125  32 

KaHary  Islands. Grand  C 
—  Efbc  Harbour 
rUlO  ropo,  a.  L.  r. 
uaiianta  i.  cape  uam- 

1     A  4 

1  44 

129 

42 

—  N.  P.  . 

5  31 

125  43 

1  12 

129 

52 

XL VI.     from    r.^ATOA*  to  K.1MT 
HK^ITK^I,  with  the  adjarent  Islands  ant 

00,  »v.  r. 

U  ob 

130 

25 

r  isner  s  island 

ft  &£. 

130 

23 

Lat. 

Long. 

» aygecooe  1.  o.  b.  r . 

D.  M. 

D.  M. 

or  1  oiiii  1  kf^ot  • 

n  o« 
U  %1 

131 

IR 

CANTON  . 

23  7N. 

il.i  14E 

—  unak  Harbour 

0  00 

130 

50 

Mir's  Bay  . 

22  27 

114  30 

—  Boni  Koaa 

0  00 

131 

12 

Single  Island  or  Cbueng 

Amsterdam  1. 

0  19 

132 

15 

Chow 

22  25 

114  40 

Fow  or  Faux  Island 

0  D 

129 

28 

Mcndoza's  Island 

22  31 

114  51 

Giigy  1.  about 

A   O  C 

130 

3 

Fokoi  Point 

22  33 

114  O'i 

ueby  1.  IN.  \v.  end 

0  4N. 

129 

19 

Pedro  Branco 

22  19 

115  8 

Syang  I.      .       .  . 

0  22 

129 

55 

Point  fbalong-Tow 

22  39 

115  35 

Eye  Island  . 

A    CI  4 

U  2-1 

129 

53 

Point  Tengmec  . 

22  45 

115  50 

isici  r.1.  01  ruio  ivioar 

A  a 

128 

58 

-c 

Point  Cup-ehee-san 

22  49 

116  7 

Catharine's  Islands 

129 

11 

A  Black  conical  mount . 

22  52 

116  11 

i^ajiiun  I  aCKCi  ^  uOui  • 

J  28 

65 

Breaker  Point 

22  67 

IKi  31 

^  rrillaUcC  a  ODOal  • 

U  40 

Cape  of  Uood  I  lope 

23  14 

116  50 

L/iiiu  90unuinK9  \  o  lalD- 

130 

3 

Small  round  Island 

23  26 

116  60 

I  uwi  ur  ."xifju  i9idnQ9  • 

Lamo  or  Namo  I.  W.  P. 

23  28 

117  00 

—  .Aiou,  ine  largest  isie 

U  so 

131 

00 

—  N.  E.  P. 

23  32 

117  13 

—  n.  •'•isianu 

U  JO 

131 

8 

Lamock  Island,  S.  west. 

23  17 

117  21 

—  i^.  til,  isianu   .  . 

U  JO 

131 

15 

The  Brothers,  southern 

23  32 

117  48 

—  iveei  iiono  pan 
Asia  s  islands,  o.» .  isie 

A  At 
U  41 

Chapel  Island 

24  11 

118  20 

1  AA 
1  00 

131 

17 

Amoy  Harbour 

24  20 

118  16 

—  Y^.  Tj,  isiano    .  , 

1  4 

131 

23 

Chin-Chew  Bay 

24  54 

113  4<' 

uiiioio  1.  V*.  cnu  . 

»  zJ 

I'amyet  Islands,  south  . 

24  59 

119  34 

  v^BSa  T  IliilgO      ,  . 

11  iie 
u  49 

128 

22 

Ting-hoy  harbour 

26  10 

119  57 

  ano  V  .IIa ma 

—  iviaoa  village  . 

U  dJ 

lleysan  or  Black  Islands 

28  53 

—  isici  near  ruio  iVioar 

A  Q 

123 

53 

Qiicsan  Is.  S.  eastern  . 

29  22 

121  52 

—  roinieni.  oiruiis  ra« 

Chusan  1.  . 

30  26 

121  42 

tientia  . 

0  13S. 

127 

45 

Nankin 

32  5 

119  00 

a 

—  Cocoanut  Pt  or  S.  P. 

0  45 

Tcbin-san  Islands 

30  20 

122  36 

u 
<^ 

Batchian  I.  S.  E.  P.  . 

0  4S 

128 

3 

Shang-Tiing  Promonto- 

Amsterdam Island 

0  20 

127 

53 

ry,  S.  P. 

37  00 

122  41 

Kayo  or  Cayo  I.  S.  P.  . 

0  1 

127 

23 

-«  N.  P.  . 

37  25 

122  45 

—  N.  P.  . 

0  7N 

Cape  Zcu-ou-Tau 

37  36 

121  28 

Ncgory  Kalam,  N.  P.  . 

0  28 

127 

37 

Ten-clioo-Foo  City 

37  48 

120  32 

Wolf  Rock 

0  30 

127 

6 

Tchoo-sun  Island 

33  1 

121  1 

'I'idore  Island,  S.  ext.  . 

0  34 

127 

24 

Keiisen  Is.  northern 

38  8 

120  44 

/  • 


TABJL£  XLVX*   Latitudes  and  LongUudei. 


I 


Pekin  River,, 

atPeilio  ,  sv. 
High  Peakdl  IMd,  S. 

W.  ext.  Corea 
Cape  Clouard 
Sanpon 
Pernai  Bay 
Sufiren  Bay 
Cape  Lesscp5 
Caatri«»8  Bay 
Vai^uas  Point 
Bay  dc  Lanj^Ie 
Bay  U'Estaing 
MonneroD  Island 
La*Dangereuae  Rock  . 


Cape  GrlHoo,  (eat  Pe- 

rousc's  strait*) 
Cape  Aniwa 
Oape  Lowenorn  . 
Bay  Mordwinoff 
Cape  Toiiyn 
Puint  Siniavin 
Mount  Spenbeig  or  Ber 

nizet  .  • 
Point  MulofTsky  . 
Cape  Alexander  Dal 

rymple 
Cape  Soinsonoif  . 
River  Neva,  entrance  .  — 
Gulf  Patience,  NortliP.49  19 
ilobber  bland  RmT  N 

K.  P.  . 
~  S.  W.  P. 
Cape  Patience 
Cape  Billin^hauseo 
Mount  Tiara 
Capo  Ratjnanoff  . 
Cape  Croycre  . 
Downs  Point  • 
Shoal  •      •  • 
VVurst  Point 
Cape  Klokatschef 
Cape  T.oucnstern 
Cape  l.!i/.abctU  . 
North  Bay  . 
Cape  Maria  . 
Espenbcrg  Peak  • 
Gape  Golowgtaebeff 


Lat. 
D.  M. 

38  59N 


3b 
37 


5 
•14 


45  13 
47  51 
49  30 

51  99 

52  7 

47  4i 

48  59 

46  20 
45  47 


45  54 

46  2 
46  23 
46  48 

46  50 

47  16 

47  33 

47  58 

48  21 

48  52 
49 


48  S6 
48  28 

48  52 

49  35 
dO  3 

50  48 

51  00 

51  53 

52  30 
Si  57 

53  40 
3 

1  24 

54  16 
54  17 

4 

53  30 


54 


Cape  Romberg  . 
Cope  CUavarolT  . 
Jonaa  Idaad  > 
OehoUk  . 
Vamsk  .  . 
Bole  here  tsk  • 
Cupe  Lopatlta,  Kemt- 

skatka 
Si  Peter  and  St.  Paul  . 
Shipunskeynoaa 
Nls)ui  Kaintskatka 
Cape  Tschulkolskoi 
Bait  Cape  .  • 
Cape  Scrdia 
North  ipc 


53  26 
53  39 
56  25 
)  20 
60  46 
53  54 

51  2 
53  00 


53 

56 
64 
66 
67 


6 

16 

13 
6 

3 


.68  56  .1 

'  f 


"LongT 
D.  M. 

1 18  OOE. 

25  15 
29  42 
28  55 
37  29 
U39  45 
41  30 

41  59 

42  42 
41  24 
41  27 
41  n 
4«  9 


41  69 
43  30 
43  40 
43  14 
43  33 
43  00 

42  20 

41  44 

42  50 

43  2 
43  S 


44  33 
44  10 
44  46 

41  26 
43  37 
43  53 
43  13 
43  13 
43  29 
43  18 
43  7 
43  13 
49  47 

42  37 
42  18 

42  60 
41  55 

41  45 
41  26 

43  16 
43  12 
54  30 

(156  49 


56  46 

58  46 

59  50 
62  00 
71  24W] 
69  40 
71  49 
79  9 


Formosa  I.  S.  Cape 

—  N.  W.  Point 

—  N.  Point 

—  N.  E.  Point  • 
Lamay  Island 
Pehoe  or  Pescadore  it. 

—  Southern  limit 

—  High  UUnd,  S.  W. 

limit    .  . 

—  Largest  Isluid 

—  Northern  limit 

—  Banli,  S.  E.  P. 

—  ditto,  seren  fathODtt 
Pat-chovr  or  Madjicose- 

mah  Islands 

—  Southernmost  1. 
-  Biuir  Point.  Wait 

ext.  Tireati* 

—  Kumi  I.  . 


Lat. 

ID.  M. 
21  64N 
85  11 

95  le 

25  11 
92  19 


93  6 

93  14 
93  32 
93  66 
99  59 
99  61 


24  6 

24  17 
24  28 

—  Eastern  I  Ty  pin-san  24  49 

—  Providence  Reef    .195  6 
Lieu-Chew  Islands 
— Great  Lieu-Cheiv,S.c. 

—  ditto*  a^acent  I.IC.F. 
V>  estern  I 

Hoapinsu  1. 
Ty-ao-yu-su  1. 
Sulphur  Itlt. 

—  middle  . 

—  northern 
Group  of  fiknr  UiaBda 

liflilta 


Pinnacle  Islands  . 
Ormsbee'aPeak  • 
A  rock 
South  Island 
Gotto  It  S.  end*  • 
Asses  Ears 
Quelpacrt  I.  8.  P. 
Kiusiu  Island 

-  Cape  Tschirikoff    .  32  14 

-  Cape  Danville        .  31  27 

-  Cape  Nagaeff        .31  15 

-  Mount  Schukevt    .  31  41 

-  Mount  Horner,  Peak  31  9 

-  Cape  Tschitschacofi 
sTp.  .      .10  5T 

-  CapeTschcsmaWJ.31  24 

-  Cape  Kagul  N.  P.    .  31  42 

-  Mount  Unga,Tolcano  31  43 

-  Nangasky  hubour 
ent     .  .  39  44 

-  Cape  Nomo  S.  P.  of 
Bay  Nan. 

-  Cape  Seurote 
Sanao-simalifcmd  N.P- 


—  S.  P.      •      .  • 
TenegasimaL  (middle) 
Volcano  I.  .  • 
Seripbos  I. 

Apollo  I.  .  .  • 
Julie  I. 

St.  Claire  I. 


121 
121 


26  3 
[27  34 
26  20 
25  44 
^15  55 
M  14 

24  48 

25  14 
29  30 
99  40 

89  43 

29  40 

30  45 

31  30 
138  35 

32  3 

33  8 


32  .35 
32  58 
30  49 
30  94 
30  93 
30  43 
30  43 
30  44 
80  97 
30  45 


ong 

D.  \i. 
OOE. 
6 

191  34 

121  56 
190  97 


119  96 
119  46 

119  93 
119^  I 


123  59 

m  45 
193  5 
195  36 
195  II 

12S  IS 

127  17 
193  39 
199  47 
141  21 
141  12 
141  10 

125  15 
li8  90 

138  8 

140  20 

m  46 

140  00 
198  44 

128  37 

126  19 


131 
131 
131 
131 


41 
27 
11 
19 


130  98 

130  » 

130  2 
130  7 
130  14 


199 

129  33 
131  00 

130  38 

130  17 
130  44 
130  14 
130  13 
199  5« 


Digitized  by  Google 


TABLE  XLVI.  Latituda  and  IiongUudes. 


U7 


Sjmiplegados  Uandi,  S, 
UP.. 
eac-Sima  I.  S*  W* 

—  N.  E.  P. 
Nadeshda  Rocks  . 
Tmm  1. 8.  end 

—  Cape  Fida>Buengo 

—  North  Point  . 
Colnett*!  Idnd  . 
Hagetetl.  N.  B.P. 
Niphon  I.  . 

^  —  South  Point  . 
i  —  Cafe  Not*  . 

—  A  Rock 
«  —  Jootn-SiiBA  . 
|  — JMo 

^ —  Cape  Kennis  . 

—  Zach*a  Mountain 


r)',  S.  P. 

—  N.  E.  P. 

—  Town  . 

—  CapeGanMl^ 
^  Peak  Ttlesiua 

—  Cape  Qrtig 

—  Cape  Sangar 
StraitioTte 

Osiraa  Island 
Koaiina  Island 
Okosir  Iclaiid 
Jesso  Island 
Capo  Nadethda  (ent  of 
mmHaorSangar) 

—  Cape  Sineko  . 

—  Matzumay  town 

—  Ctpe  Oota-Nizawu 

—  Cape  KutUOff 

—  Cape  Rajlen  . 

—  Cape  OkuDaj»  S.  P. 

—  Cipe  Thk»-wMt 

—  Mount  Rumoflsky 

—  Cape  Maletpina 

—  Cape  SchischkofT 

—  Pallas  Momiain 

—  Cape  Romansoff  (N 

PoinO  . 

—  Cape  Soya  • 

[ —  Cape  Shacp  . 
Peak  de  Langle,  Rio- 

achery  I. 
Cape  Guibert,  Reiftin- 

schery  N.  E.  P. 
Jeurire  bland 


L«t. 

Long. 

D.  M. 

D.  M. 

• 

too  4?C* 

.31  36 

129  40 

.31  49 

129  61 

.(il  43 

129  33 

.34  6 

129  17 

b34  19 

129  30 

.34  40 

129  S9 

.M  16 

199  66 

.17  96 

131  9S 

.33  5 

13:>  55 

.37  36 

137  54 

.37  36 

137  34 

.37  51 

137  40 

.96  99 

140  00 

141  •Hi 

.35  S5 

u 

139  90 

.39  46 

139  44 

.  40  00 

.40  50 

140  6 

.40  38 

139  48 

.40  40 

140  11 

.41  9 

140  8 

41  16 

140  14 

.41  31 

139  19 

.41  21 

139  46 

)48  9 

1S9  90 

41  95 

41  38 

41  33 
49  18 

42  38 

42  67 

43  11 
43  91 

42  50 

43  42 

44  95 

44  00 

46  26 

45  31 

46  91 

46  11 

46  28 
44  23 
44  99 


Staten  laland,  S.W.  end 

—  Cape  Vries,  (Vriea 

Straits) 
Company^s  Island 

—  Cape  Sbouten 

—  North  end 
Marikan  I.  N.  end 
South  end  (Bousole 

StrnlU)  . 
Sarytacheffl.  Peik 


44 


46 
46 
47 

46 

48 


36 

96 

18 
28  • 
10 


46 

6 


140  9 

133  63 
140  4 

139  46 

140  1 
140  16 
140  13 

140  81 

141  11 
141  18 
141  39 
141  64 

141  34 
141  51 
149  19 

141  12 

141  4 
141  17 
141  99 

147  98 

149  43 

150  58 

151  20 
163  6 

169  99 

153  13 


5 


Raakok  Island 
Mussir  Island 
Trap  Rocks 
Charamukatan  I.  Peak 
Poromoschir  I.  S.  P. 


—  MFoM  (S.  W.P.)  60  15 


—  East  Point 


Lit 
D.  M 
48  8N. 
43  Ih 

48  36 

49  8 

50  00 


50  98 


Loii^ 
D.  M. 
153  ii>y: 

153  l3 
169  44 

154  39 
U55  24 
165  10 
156  9 


XLm   J^EW  HOLM/TD  and  tk*  mdA 
jauiU  ldmi$  and  Shoals. 


Pedro  Braneo  (BoMek) 
South  West  Ca^ 
Mew  Stone  • 
Sovlh  Ctfie . 
Rddystone  . 
Sidmouth's  Rock  • 
Tasman's  Head  . 
D'Entrecasteaux^  Poit 
Adventure  Bay 
Frederick  Henry  Bay 
Cape  Pillftr 
Oyster  Bay  . 
St.  Patrick's  Head 
Cape  Portland 
Port  Dairy mple  • 
Circular  Head 
Cape  Grim,  N.W.Prom. 
Wett  Cape  or  Sandy  Pt. 
Macquarie's  Harbour 
Point  St.  Vincent 
Poft  Dsrey . 


Lat 
D.  M. 
44  OOS. 
43  34 
43  43 
43  38 
43  51 
43  46 
43  32 
43  32 
43  31 
49  58 
43  19 
43  42 
41  48 

40  49 

41  3 
40  43 

40  41 

41  4 

42  12 

43  16 
43  98 


Ent.  to  Bank's  Straits  .|40  38 
Furneaux  Islauds,  . 

—  Barren  1.  S.  E.  ett. 

—  Clarke's  I.  S.  ext. 

—  N.  Sister,  near  N.  P. 

ofOnmtliM 
Endeavour  Rock ; 
Kent's  Group  • 
The  Pyramid 
Waterhousc  Island 
Hunter's  Islands  . 

—  Black  Pyramid,  VV. 
~  AlbalnMa  I.  If .  West 
King's  Island  N.  E.  P 
West  ent.  Bass's  Stiaitsj 


Cape  Albany  Otmqr 
Port  Philip,  eat.  . 
VN'estem  Port 
Wiisoii>a 
S.  ext. 
Ram  Head 
Cape  Horn 
Cape 

Jer^is  Bay  . 
Red  Point  . 
Botany  Bay. 

Banks) 
Port  Jackson,  ent. 
Brolmi  Bay 
Pirt 


(C. 


40  35 
40  34 

99  98 

39  38 
39  29 

39  43 
[40  43 

40  33 
40  95 

39  36 
39  10 

38  53 

38  19 
:i8  31 

39  U 
37  59 
97  90* 
96  IS 

35  7 
34  29 

34  00 
33  50 
99  34 
89  43 


II 

15 


Long. 

D.  M. 
147  45E 

46  6 
146  33 

146  49 

147  8 
147  9 
147  26 
147  6 
147  3^ 

147  43 

148  9 
148  8 
148  23 
148  15 
147 
145 
144  46 

144  36 
146  28 

145  55 

146  00 

148  90 
148  96 


147  56 

147  36 
147  17 
147  13 
147  39 

144  23 
144  35 
143  55 
143  30 

143  30 

144  36 

145  10 

146  94 

149  45 

150  f 

159  9 

160  53 

151  14 

151  93 
151  95 
151  97 


Digitized  by  Gopgle 
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TABLE  XLVI.   Latitudes  and  Longitudes. 


Cape  Hawke 
Smoky  Cape 

Solitary  Islands 


Cffj)e  Byron 
Point  Danger 
Shoals  oflfdilto 
Cape  Morton 
Shoal  . 
Sandy  Point 
Cape  Capricorn 
Kpppel  Bay 
Barrier  Hecf,  S.  P. 
Cape  Townsend  . 
Cape  Palmerston 
Cape  Hillsborough 
Cape  Conway 
Cape  Gloucester 
Cape  Cleveland 
Cape  Sandwich 
Cape  Graflon 
Cape  Flattery 
Cape  York 
New  Year's  Island 
V'andieman's  Cape 
Red  Ishind,  off  P.  Vul 
can 

Minstrers  Shoal  . 
Greyhound  Shoal 
Clarke's  Reef  N.  of 

Rosemary  I. 
Eastern  Rosemary  I. 

N.  E  P.  . 
Weatem  ditto  N.  P. 
Doubtful  Shoal  . 
Piddington's  Islands 
Shoal  (land  of  N.  Hoi 
land  in  sight  from  the 
masthead)      .       .20  15 
North  We-t  Cape       .  21  50 
Dirk  Hartog's  Road, 

ent.  to  Shark's  Bay  .  25  6 
Houtman's  or  Abrohlos 

Shoals  .  .  .28  30 
Rottenest  Island  .  .  31  dS 
Cape  Leuwen  or  S.  W. 

Cape  .  .  .  34  22 
Cape  Chatham  .  .  35  3 
Cape  Howe  .  *  35  9 
K.  George  111.  Harbour  35  6 


Lai. 
D.  M. 
32  13S. 
30  61 
30  9 
29  56 
28  7 
28  7 
28  7 
27  1 
26  58 
24  42 
23  2V 
23  18 
22  50 
22  12 
21  27 
21  00 
20  32 
19  58 
19  10 
19  16 

16  51 

14  52 
10  38 

10  48 

11  12 

15  9 

17  14 

19  58 

20  17 

20  26 

20  35 

21  37 
21  36 


Point  Hood 
Termination  Island 
Endeavour,  small  Isl. 
Port  Lincoln 
Nepean  Bay 
Codearour  Shoal,  ofi* 
Cape  Jaffa 


34  23 
34  30 
36  27 

34  48 

35  44 

36  58 


Long. 
D.  M. 

152  30E 

153  7 
153  21 

153  30 
i  r>3  30 
153  39 
15^-1  23 
153  28 
153  17 

151  00 
150  36 

152  36 
150  II 
149  00 
148  33 
148  30 
148  6 
146  40 
146  8 
145  54 
145  13 
142  33 
i:J3  18 
129  54 

124  22 
118  57 
114  40 


115  40 
112  25 
114  56 


114  25 

113  15 

113  35 

114  24 

115  6 

116  22 

117  38 

118  1 

119  36 
121  58 
127  2 
135  45 
137  55 

139  31 


XLVin.    Islands,  Rocks  and  Shoolsi  vithe 
XORTH  PACIFIC  OCEAJ^. 


Aleootskia  I. 

—  Westermost  . 

—  Oonala.ska 
Bank  (64  fathoms) 


LaL 
D.  M. 

52  46N 

53  54 
134  22 


Long. 
D.  M. 

170  42E. 
166  22 W 
173  30E. 


• 

Long. 

D.  M. 

D.  M. 

Rica  de  Plata 

33  SON. 

160  39t. 

Reef  .       .       .  . 

32  00 

147  0l» 

Island 

31  '.10 

140  00 

Week's  Reef  36'  N.  E. 

31  15 

and  S.  W. 

153  9 

Island 

31  00 

147  6 

Ganges  Island 

:<o  46 

154  25 

Bank  of  Soundings 

;10  30 

177  30 

Lslnnd 

30  00 

137  «»0 

Inland 

30  00 

ia9  00 

Island 

.30  00 

141  30 

Island 

30  00 

143  00 

Island 

30  00 

144  24 

Rica  de  Oro 

29  54 

157  3 

Island 

29  40 

43  00 

hiand 

29  33 

137  (W 

Inland 

29  30 

143  00 

Island 

29  00 

175  45 

Calunas  I.  . 

28  65 

158 

ditio(another  account) 

28  53 

l62  00 

Island 

23  30 

176  50 

Putrocinio  Island  - 

27  58 

175  44 

Disappointment  Island 

27  18 

139  25 

St.  Juan 

27  30 

142  48 

Bassiosos  I. 

26  6 

173  27 

Inland 

x6  6 

154  36 

Reef  .       .       .  . 

26  6 

160  00 

Copper  Island 

26  00 

131  48 

Tree  Island 

26  00 

145  44 

Lasker's  Island 

26  00 

173  24 

Island 

25  53 

131  17 

Island 

25  42 

131  13 

Reef 

25  30 

15S  50 

Bishop's  Rock 

25  22 

132  00 

North  Island 

26  14 

141  14 

Island 

25  12 

131  36 

Grampus  Island 

25  lO 

146  00 

Sulphur  Island 

24  48 

141  20 

Kendrick's  Rock 

24  30 

133  3b 

Marcus  Island 

24  18 

153  42 

^>  eeks  Island 

24  00 

154  00 

Dexter's  Uland 

23  24 

163  5 

Island 

23  3 

168  57 

Reef  .       .       .  . 

22  6 

14S  S8 

Jardines 

21  35 

151  30 

Parel  or  Peru  I.  . 

21  10 

141  40 

\bregocs  Shoal  . 

21  1 

136  43 

Reef  .       .       ,  . 

20  42 

153  00 

Douglas  Reef 

20  32 

136  li 

ivamira  I.    .  . 

20  30 

166  42 

hland 

20  30 

152  50 

Bishop's  Rock     .  • 

20  16 

136  53 

Week's  or  Wilson's  I. 

19  21 

l66  55 

Reef 

19  10 

165  42 

Halcyon  I.  . 

19  6 

1 63  3S 

Folger's  I.  . 

13  22 

155  15 

Reef  .       .       .  . 

17  9 

156  13 

Tamiiin  I  • 

17  00 

l60  00 

Reef 

16  36 

169  42 

Island 

16  00 

171  42 

Pharos  Islet,  northern. 

20  34 

145  48 

Umcas,  about 

20  20 

146  IS 

Assumption  Island 

19  45 

145  35 

Almagan  Island  . 

18  6 

146  91 

Digitized  by  Google 


TABLE  XLVI.    Latitudes  and  Loncitudcs. 


Bird  Island 
Tinian 

(iuam,  Umatac  Bay 


l.nt. 
D.  M. 
16  A7S 
In  Oi) 
13  il 


Radack  chain  oTIslinds, 
riz. 

Aour,  circular  group  of 
32  LhUiuIs  extundiDg 
13  miles  N.  ^V.  and 
S.  E.  anchorage 
Kavcn  Rroup  33  miles 
N.  W.  and  S.  E. 

—  Amksheef  Inland, 
(hrpest  I.)  . 

—  Southern  laiand 
TchilchrpifT.  circular 

group  of  Islands. N.W 
&  ■'5.£.  24niile.«,  mil 
die  . 

tomanzofT,  circular 
group  of  65  hiands, 
E  AiW.  30mile^.&  iO 
miles  widp  inclosing  a 
iica  12  miles  wide  & 
27  miles  long  . 
-  Odia  I.  eastern  ;  an 

chorale 
cgiep  or  Hayden  group 
Ailou  group,  l.'>  inilcs 
long,  5  miles  wiJe 
•  Kruscnslcnj-Cupeni 
us  I.  (nortliern) 
I.  t)u  Nouvcl  An  . 
KutAsofT  orUdirirkgrnup 
separated  by  a  rhun- 
nel  from  a  southern 
group  called  SouTor- 
ofT  or  Ta^y,  extend- 
ing N.  &  S.  25  miles 

—  Channel 
ttroup  north  of  Kutosot! 

—  Milic  . 
-  Mcdjuro . 

—  Amo 


9  19 


8  54 
8  29 


9  6 


9  28 
9  51 


10  27 
10  8 


II  II 


16 
15 
25 


Bigar,  south  of  KutosofTH  40 


Pescadores  Is.  southern 
'  nortJicni 


Kalick  chain  of  Islands, 
extend  nearly  N.  & 
S.  ahout  one  degree 
west  of  the  Radack 
chain,  viz. 

Ebon  group 

—  Noamureck  I. 
K'uli  group  . 
Helut  group 
Odia  group  . 
Namou  group 

—  Lite!  Island 

—  Tehol  Island  . 
Quadclon  group  . 
Oudia-Milai  group 
Rado^nla  group  . 
BT^itij.  (northf:rn)  . 


11  00 
II  20 


50 
30 
40 
30 
15 
00 
8  65 

8  30 

9  20 
0  45 


I 
11 

11 


00 

20 


D.  M. 

M6  13E. 
145  47 
144  >0 


171  12 


170  49 

171  11 


170  4 


iro  16 
169  13 


17(1  00 
170  55 


169  50 


167  30 
167  2 


167  1 


1 67  15 
 ^ 


Lat. 

Long. 

X  M. 

D.  M. 

lohannc<* 

6  55N. 

32  3(tE. 

Lion's  Island 

5  16 

32  13 

St.  Andrew^s  Island 

5  20 

32  16 

Pulo  Anna  . 

4  33 

32  3 

Pulo  Marierc 

4  19 

132  28 

I*ord  Norlh*s  I.  . 

3  3 

31  20 

IJangCM  Shoal,  S.  W.  P. 

2  52 

131  7 

—  N.  E.  P. 

3  6 

13123 

Helen's  Shoal 

2  50 

131  41 

Freewill  orSt.  David's  ) 

0  49 

134  17 

Islands,  limits    .  $ 

1  2 

134  30 

Pclew  IslnndH, 

—  Rauhelthouan,  E.  P. 

7  41 

134  55 

—  Nortliernmost,  Ky- 

anglc 

8  8 

134  r>o 

—  Large  Reef,  part  dry 

8  18 

134  41 

—  Southernmost,  An- 

gour 

6  53 

134  21 

Matelotes,  N.  E.  1. 

8  34 

137  45 

—  Soiithemraost 

8  19 

137  45 

Vap  or  Hunter's  LN.P. 

9  40 

S,  P.  ... 

9  30 

138  8 

Philip  Islands 

8  6 

140  3 

ThTrteen  Inlands 

7  18 

141  21 

Hflwcis'  li^land 

7  ?.0 

1  »6  28 

Strong's  Island 

5  12 

162  58 

ixhnds 

6  29 

153  24 

hlnmlK 

5  47 

157  42 

Hlands 

6  9 

160  61 

Ulnn<l» 

6  17 

1^9  12 

Hope  s  Islands 

5  15 

165  12 

Baring's  Islands  . 

5  35 

168  13 

Palmyra  Inland 

5  49 

162  29 

Cluster  of  Islands 

9  38 

l6l  26 

Ditto      .       •  . 

9  56 

Brown's  Range  . 

—  Arthur's  Island,  N.  . 

11  43 

162  42 

j —  Parry's  l^land,  S.  . 

n  19 

162  52 

Margaret's  Island 

8  52 

166  15 

Lydiu'i^  lslan<l 

9  4 

165  58 

C'atharine's  Island 

9  14 

166  2 

Arrecifft's  hinnd 

9  36 

161  8 

Mu3ikitto  (iroup,  low  ) 

7  20 

168  23 

and  uanijrrous  .  5 

7  47 

Peterson's  Inland  . 

8  54 

166  35 

Chatham  Island  . 

9  20 

171  20 

Reef  .       .       .  . 

iO  00 

179  21 

Calvert's  Islands 

8  48 

172  00 

Ihhetson's  Islands 

8  6 

172  H 

Elmore  Islands  . 

7  42 

16S  45 

Mulgrave's  Islands 

5  64 

172  39 

Banham's  If>lat)d  . 

5  50 

lfi9  48 

Cook's  Island 

1  IS 

171  57 

Hall's  Island 

0  54 

173  4 

Reef  .       .       .  . 

1  00 

179  34 

Pitt's  Island 

2  54 

174  30 

'Matthew's  Island 

1  50 

175  10 

Simpson's  Island 

.  0  26 

175  27, 

Macasgill'<«  Islands 

.  6  12 

160  53 

St.  Bartholomew 

.  15  10 

163  48 

Comwallis  or  Smyth': 

Isles 

'  16  46 

169  99 

Wake's  Island 

19  00 

166  46 

,l.ariiirn,  \N .  Pt. 

•20  2  • 

166  J -2 

Digitized  by  Google 
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N    TABLE  XLVI.    Latitudes  and  Longitudes. 


Lat. 

Lone. 

Lat. 

D.  M. 

D.  M. 

Mussachusetts  Island  . 

D.  M. 

(Jasper  Island 

15  3N. 

177  OOE. 

22  28N. 

177  5W 

14  42 

169  3 

Ibland 

•21  4 

168  00 

17  48 

173  45 

Henderson  Island 

24  6 

128  30 

St  Peti-r 

11  3 

173  55W 

—  anoiber  account  . 

24  26 

DtUUilUI/9         •               •  « 

8  54 

178  21 

Gardner's  Reef  . 

24  11 

168  9 

22  15 

175  37 

Pollard's  Island    .  . 

24  48 

168  00 

23  34 

164  32 

Allen's  Reef       .  . 

25  00 

167  57 

23  45 

165  50 

Coo|>er'8  Island  . 
Maro'a  Reef 
Island 

25  4 

131  26 

T .•■■anjilrv^s  IslnnH 

26  3 

173  40 

25  26 
25  22 

170  16 
131  26 

OnrKvliP^   IV  nnini 

20  17 

155  .58 

A  Rock       -       .  . 

25  30 

174  3 

o«>    l(       W%t\  t  ffl  t 

19  34 

154  54 

Laysan's  Island    .  . 

25  50 

171  51 

ptiii^t   •           •  • 

IS  54 

155  45 

Liscanskev's  Island 

25  52 

173  41 

_  ICftralfftIf Rat 

19  28 

155  56 

Neva  Island 

26  5 

1 72  25 

20  30 

155  56 

Maro's  Reef,  (dangerous) 

26  6 

170  24 

^  Pninf 

20  34 

156  12 

Island  &  Rock 

36  24 

170  54 

\  V    nm  n  t 

•*  •  |fUllll             •  • 

20  54 

156  .36 

PccirloL  Kprmfffl  o^roun  nr 

Clarke's  Reef  (>0  miles 

27  46 

176  15 

7AhnnmwA 

20  35 

156  33 

20  46 

156  52 

N.  W.  and  S.  E. 

27  49 

176  6 

\f /M*Af  fii   W  nnint 

21  10 

157  14 

Bunker's  Island 

2d  00 

173  30 

VVoahoo 

21  43 

157  68 

Island 

28  25 

178  14 

\ftni  VVhvmnA  Rav 

21  57 

159  40 

Island 

C8  54 

173  46 

1 

1  uuLivira        •           •  • 

21  40 

160  24 

Swift's  Island 

32  53 

119  6 

*^llCt-iiCUfV     •           •  • 

21  60 

160  15 

S 

22  2 

160  8 

lillU  9   U3lal|t4              *  • 

23  8 

161  45 

Culpepper's  Island 

1  40 

92  00 

(■firfinpr^Q  IftlAnd^  diflro* 

vJIfU  unci   o  ftOldijvft^  UAavw 

W'eiiTnan's  Isl^ind 

9l  44 

vereil  1820 

25  3 

167  40 

Rcdondo  Rock 

0  15 

Maro's  Reef  ditto 

25  28 

170  20 

■2 

Abincrton  Island.  C.  lb- 
etson 

0  39 

uallego  Island 

1  42 

104  5 

It 
>^ 

Albemarle  I.  C  Berke- 

Christinas or  Noel  L 

1  <)S 

1  ^7  ^9 

ID  i  c>2 

n 

ley         .       .  . 

0  2 

91  31 

Sidnpv  nr  pAfinino^^S  I* 

3  44 

159  22 

O 

V: 
o 

—  Christopher's  Point 

0  50S. 

91  23 

Island 

4  30 

126  00 

ft. 

James  I.  Harbour 

0  1-2 

90  41 

lC>v*IorK  ISIItllU  • 

4  44 

160  6 

Charles  1.  S.  P.  , 

1  30 

90  33 

Cocoss  Islands,  or  Chat- 

Chatham  I.  N.  E.  P.  . 

0  45 

89  9 

liain  Riiv          .  • 

5  27 

87  15 

—  Stephen's  Bay 

0  53 

59  37 

PalnnvrA  1.  *        .  • 
Island         .       •  • 

5  48 

6  36 

162  19 
166  50 

XLI.\.    Islanils,  Rocks  and  SkoaU,  inUu 

Barber's  Island  . 

8  50 

178  00 

SOUTH  PACIFIC  0CJE.1Y. 

K«ef  .... 

10  00 

179  24 

Lat 

I'Ont;. 
D.  M. 

Clinn^rf  nn'n  low  lisland 
\  Rnrk 

10  28 

109  19 

D.  M. 

11  6 

154  30 

New  Guinea 

(sitind          .         «  • 

11  33 

161  00 

—  Middleburg  Island 

0  80S. 

132  16EL 

1  sL'iiid           .         ■  « 

13  9 

168  24 

—  Cape  of  (jiood  Hope 

0  20 

132  31 

ShoAi  .       ■       •  * 

13  32 

170  31 

—  Flat  Point 

0  46 

134  23 

Shoal         •       •  • 

14  30 

170  33 

—  Cape  Valshe  . 

S  26 

137  2S 

Cluster  of  Islands    .  < 

16  00 

133  00 

—  Cape  Rodney  . 

10  2 

147  53 

Island         •  • 

17  00 
16  30 

136  00 
163  54 

—  King  William's  Cape 
Torres  or  Endeavour 

6  40 

143  31 

Pa!<sion  Rock 

16  56 

109  5 

Straits     .  . 

Corn«vallis  I. 

16  54 

169  33 

EastcmFields  or  Reefs, 

Nevf  Blada 

18  17 

114  3 

N.  R. end 

10  2 

145  45 

Clarion  Island 

18  21 

114  52 

—  N.  W.  part  . 

9  59 

145  26 

Island        .       .  . 

18  22 

156  15 

Murray's  Islands  . 

9  53 

144  3 

Slioal  . 

IS  27 

170  30 

VVamvax  or  Darnlcy  I. 

9  28 

143  40 

Socora  Island  < 

19  48 

110  10 

Pandora's  Shoals,  N.  P. 

9  55 

144  14 

hland  . 

19  15 

166  32 

—  Wreck  Reef,  S.  P. 

11  25 

144  00  1 

St.  Berto 

19  18 

109  53 

—  Portlock's  Reef 

9  48 

144  43  1 

Iflland 

1  o  oo 

17 

Il3  15 

s 

—  ent.  Torres  Straits  . 

9  54 

144  42  1 

Roca  Partida 

19  4 

111  6 

—  Boot  Reef 

9  59 

144  40  1 

Mallon  Island 

19  23 

165  23 

1 

Indefatigable's  ent.  ditto 

11  50 

144  10  1 

Cloud's  Island 

19  46 

115  00 

Halfway  Island  . 

10  7 

14J  19  1 

Copper  Island 

20  6 

131  54 

Booby  Isle  . 

10  27 

141  56  1 

Island 

21  00 

176  34 

V'ork  1.  (Mt.  Adolphus) 

10  37 

142  40  1 

>hal»T's  Island  . 

22  6 

112  14 

I'ABUXLVI.  LftiMM  and  LoDKitiidM.  m 


Prlnr^  of  WaL^Vj  1  HIM* 

D  M 

OffifkmAitMn  nr  f  fiifl^(«ir'«  1 

wna9cu9v  ui  iiiinicrB 

n  M 

m  ?i  ft 

1  7A   1 1  17 
1  /  D  111!.. 

N  P 

10  oos 

142  12F 

A  <; 

o  »» 

1  /o  1  / 

Prondenee  Iftends 

143  47 

Ocean's  Higb  Island 

U  *iO 

l7ft  AQ 

Pleaaant  hiMid 

\J  aV 

l67  111 

1U«  IV 

LallllC  I  rOVKlCIMSV  IIT 

\'iiriJiit3r  9  isiUHa  •  • 

1  fMl 

lAQ  dn 

0  11 

135  12 

^'•ijges   isiHiitt    •  • 

in  nn 

1 V  vfv 

1 AA  ^n 

1^ .  »» .  cxi<  oi  onuiu 

Q  AA 

IDD  la 

0  i 

owWHn  9  IBUUlu  • 

O  OA 

109  wV 

—  v/a|ie  i/cuvcranco  • 

vape  ovscawcn  . 

Pitt*fl  tm  AMf^rfMv  ff 
*  lifc  ■  or  niucmoj 

11/ 

lAA  in 

1  vO  lU 

uvii^     vim  «  • 

i^uiDiir  M  isianu    .  . 

0  SI 

137  4S 

lip  fl 

11  ILA 
1 1  u\f 

IvO  w 

1  17 

143  3A 

lit  1  rjr  isidnu        •  • 

i  1  ^7 
11  O/ 

i7n  04 

1  /V  £*a 

Admiralty    Islands,  ^ 

1  50 

146  00 

\  nlpnnn  lulftffk/i 

10 

lAA  12 

luniu        •       •  { 

1  'sO  V 

<viiir6  isjana       •  • 

1 1 

11  tj 

1  |U  H£ 

^  June  J  OOvU*          •  • 

14&  50 

naruTAll  lalann 

narweii  isianu     •  . 

IX    1 J 

lAQ  nn 

IO7  tnj 

A«itiv<>'«  Rrsit    tinMf  /Aim. 
/xcuvc  >  lirsl  tvCCI  IQIp 

reiiiiiur.1     rit.u^     •  , 

19  1  t 

I  £  11 

179  nn 

covcrcu  loii^  •  ^  . 

14A  'i? 

IIO  Wl' 

v/narioiie  oauK  • 

1  7 A  AO 

3  At 

I4lk  37 

new  irei&nu 

~ir     oanKB  s  isiaiiu  • 

lap  <■# 

lAv  44 

V'Hpc  ueOrKC 

t^BLTicrci  8  n&ro* 

4  ''lil 

Ctspirtiu  oanio,  v/>  i-<is~ 

»  *»o 

1 19  4A 

burnc  •       .  . 

t  li  At 

lAA  A7 
lOD  Of 

*~cn  niuiover  wW»  vnu 

14Q  6 

197  V 

^uiDDcrinnu  • 

14  M 

lAlk  47 

i^ci>  Drunin        .  . 

—  Day  ol.  1  Uiiip  Rnu 

4  m 

1 1*9  lO 

1 «/«  IV 

Ok  vuXUCS 

1  <«  in 

19  llf 

11)7  ft 
luf     w  . 

v'upc  vf  cloni  • 

5  dn 

»»  IV 

19V  mm 

14  ikA 

«  on  iTioimKiis 

ft  1 9 

1  />nAv'a  HtflnnW 

I't.pcrs  isianu 

ID 

1 A7  (;A 

10/  DO 

v^spc  Ann       •  • 

It  V 

\  1  fk at/ Ai t? n aV a  lal^njl 
I'laSKCiynC  8  IHIuIlM  , 

1 1\  1^* 

1  O 

1 A7  HQ 
ID/  07 

vV^Uo  ISIcUlUa         •  • 

4  W 

1^6  36 

\1ullir*nlrk  ^fii\i\ivtt>\% 
••ittlllLUlU,    Kj.  OilltUVVICIl 

1 0  iCO 

iA7 

10  f  D7 

t  A 

iA7 

1  D  »  JO 

6  11 

w  11 

St   Rartkrkl*«n«iv*a  1 

I  9  Is 

1 A7  1 7 
ID/    1  / 

RAii(ran«illjk  K^Mif 
DUUgallTliie  OuillC  • 

7  041 

AflPfira  ialanil 

/turvni  laiajui       •  • 

1  S 
13  9 

IfM   1 7 
103  1  / 

TbMa  lalMd 

t  Buiv  xanuiu  • 

tfl  U 

1A7    7  < 
■  Da  f 

LSI-  . 

Q  90 

1  42 

W  M  1 1  <a  1  m ^  1 /I  A  idmn 

»»  IlllsUIHlUc  I.Ma.IlU  . 

1 

1 0 

lAA  on 

I  DO  *U 

oriu^t  v>  alcr  oUOaJ  • 

1  n8  44 

•xulur jin  ini&nci     •  ■ 

1 A  Q 

ID  7 

1  A>i    1 1 
1  DO  19 

1     'ITIO      1  l^>/%AVkf  SAM 

V        L/ccepiioii  •  . 

J  OV  WW 

PflOnm  lalnnfl 

ravum  isiium       •  . 

1 A  in 

ID 

lAO  9Q 
lOO  *7 

H  'il 

157  32 

» 

4  III            4  III  19                    «  « 

lA  ^iQ 

168  22 

-9' 

IVJ  <U  311                 9  , 

Q  7 

1  46 

i 

>  B  UaC     1~1<1|JU                        *  a 

1 A  4A 

lAR  99 

1  or* 

L/eiiversucc  soittil  isiu  s 

lAQ  27 

1  V«  *' 

^^iicp|iauu  o  isianiis  • 

lO  iKJ 

i  t\fl  ^0 
100  %M 

1 

:£ 

ivtuimiiidic  •        *  • 

tut 

IWD  30 

IDI    1  O 

•  T 1  u  1 1  \*x^  IK  1  s  1  «i  n  U  • 

17  9A 

1  Afl  19 
IDO  0£ 

1 

i 

OCUOlIn  IBIItDU       •  • 

11  (% 

1  97    J ' 

t  IJllCUIIlUrCUkC  ini«UlU  • 

1  7  Q^k 

1 AA  '^H 
ino  00 

B^llnna  f^hnnl 

19 

15Q  4H 

• 

17  41 
1  >  Hk 

1  AH  11 

IDO  !><> 

1 

A  Bjiuvir li  cuiu  iiiuiai^cii 

'lAQ  9n 

IO7  *v 

12  Q 

1  fin  10 

44V^l1U                 •                  •  « 

12  4fi 

Immcr  Ifllnnil 

lAQ  4K 
1  07  4D 

Wen*fl  Shoal 

12  20 

157  SS 

l  anna,  Port  RMI^Btfoii 

19  at 

Ifi9  41 

Port  Pra^lin 

7  "iO 

Krronnm 

19  39 

170  M 

Stewart's  Island  . 

8  24 

163  00 

Hnatum      .  . 

iO  10 

170  4 

Rra<il»v'>  Shnal 

lAi  on 

Durand's  R«pf 

22  6 

«B  W 

1 AQ  2 
ID7  s 

1 U7  0# 

iValnole  I 

99  99 

IM  16  «L 

tSW7  SV 

Htintfir'fl  l<ilnnr)« 

4  48 

157  0(1 

^'IlililH  8  ismiii     •  • 

0  9A 

V  AO 

1 QO  UU 

I  ■land 

IBIMUU  ay* 

29  04 

179  1A 
if*  10 

Blaney's  Islttid  • 

0  "IQ 

174  IS 

1  'V    1 V 

L'IMHt  m  WPHAy  WWW 

Jl/IIilUllo  AalallU        •  • 

0  fi 

173  fiA 
1  ff  «i  vo 

i'i  41 

1  1^1 1  nr\  m  n     ri  ^  a    1  a  lonn 

i^rijiTiriiunu  ^  isicuitt  • 
Byroo's  blaad 

1  12 
1  1 « 

1  1 1 

t7A  94 

1  /  V  «1 

177  1  'i 
Iff   1  •> 

_         _  / 

Baugiin?i]le'aliee&  ] 

c 

1  tj  0*9 
19  i<m 

147  ^1 

A  Iprt'H  Rppf 

17  9 

lAl  49 

St.  Augustine  Island  . 

5  36 

176  15 

Mrllishe's   KtJM  tnd 

'>henoQ*s  Island  . 

5  56 

176  33 

Reefs      •       •  . 

17  16 

156  12 

:ilioe*«  Group  . 

8  29 

179  6 

BainptOD           Ub-  1 
its       .       ,  ) 

19  49 

158  9' 

9  6 

179  48 

19  30 

158  1:. 

Plaakett's  I. 

9  18 

179  50 

Avon's  I.  |. 

19  30 

158  12 

Independence  I.  . 
iitdieQ  1.  • 

10  25 

179  00 

Chesterfield  Bank 

19  53 

158  2  ". 

10  27 

179  » , 

Bcllona  Shoalf  • 

20  55 

159  47 

wad       •     •  • 

10  i 

nioiti7Pd  by 
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TABLE  XLVI.    Latitudes  and  Longitudes. 


Lut. 

Lon-. 

Lat.  1 

Luiig. 

I). 

M.  1 

D. 

.M. 

J. 

SI. 

li.  .M. 

Minerva's  Shoal     .  \ 

20 
21 

SOS. 
22 

154 
159 

23  E. 
10 

\t                  ..'9        11  1 

Milcquarie  J*  Uniul 

1  ae  .  uvi;;c  and  hi.^  clerk 

1  he  bishop  ^  his  clerk 

o4 
'»4 

42.>.l 
10 

159  •♦5L- 

160  7 

20 

40 

l,>o 

15 

55 

11 

l.j9  57 

B.irinj;*s  Shoals  . 

20 

50 

159 

30 

.Auckland  3  uroup 

oO 

44 

IMj  00 

—  Sandy  I. 

21 

24 

|.)8 

30 

Cainpit'  IIS  Island 

52 

32 

169  30 

:  Kc  t  n  s  Hecf 

21 

9 

l.>5 

49 

Bounty  ibiandi)  . 

17 

32 

179  i 

Mid-duy  Reef 

>l 

58 

154 

•JO 

\           A  '                  1                 11  1 

Antipade^  liiland 

19 

35 

179  2 

Chatliaui    laland.  C. 

Small  low  woody  island 

IS 

3 

162 

51 

1  oung  . 

J3 

48 

176  58 

.Muulm  blatia 

IS 

31 

262 

o2 

CornivaMis  Islands 

44 

36 

175  27 

Keci',  about 

19 

00 

162 

y2 

Marauky  Island 

30 

8 

179  00 

N.  \V.  Point 

19 

58 

16^ 

30 

Sunday  Inland 

29 

12 

178  13 

Ballcabra  Islarrd. 

20 

7 

104 

22 

1  r 

25 

•10 

174  56 

riidyona,  N.  W.  W 

•iO 

6 

164 

7 

23 

59 

1/8  2" 

(  apt:  C  ulnet 

20 

30 

164 

56 

^  T  *     1       •            •             B           fe  r 

^icbulson'M  SbouU  <! 

23 

37 

177  52 

(  ape  Coronation 

22 

5 

167 

8 

( 

20 

6 

168  J6 

'iucen  Charlotte's  Fore- 

land 

••>•> 

15 

167 

13 

Kotumah  or  Grcnvillc'a 

of  Pines 

22 

42 

167 

34 

Island 

12 

29 

176  57  E, 

botany  Island 

22 

27 

167 

17 

C_*     1   A             I    1  1 

Solitary  Island 

10 

40 

176  ouW 

1  Prince  of  Aalcs  torc- 

n.  of  Clannce's  I. 

9 

9 

171  31 

1    land,  S.  P. 

22 

30 

IG6 

50 

l>.  of  ^  ork  .s  I. 

8 

33 

172  4 

Port  St.  Vincent  . 

22 

00 

165 

55 

(|niros  Island 

10 

40 

170  0" 

Loyalty  Island 

20 

54 

I06 

30 

1              I    1  J 

.lesus  Island 
Lelticus  I . 

6 
11 

4b 

48 

166  00 
162  00 

»Vreck  Reef  and  Sand 
uank 

22 

11 

1 55 

19 

^uwarro^v'9  Islands  | 

13 
13 

6 
15 

163  23 
163  31 

Cuiu  s  Bank 

2J 

6 

155 

23 

\>  .tills  Island 

13 

22 

176  16 

Keel 

2:i 

40 

IbO 

14 

I'roby's  Island 

15 

53 

175  51 

Keef 

23 

4S 

164 

14 

(iardnerN  Island 

17 

57 

175  17 

Kay\s  Island 

25 

GO 

166 

21 

1  '             1 «     ■    1  ■ 

Keppol  9  I.sland  . 

15 

53 

174  12 

Hecf        .       .  5 

26 

4 

160 

00 

Boseawen's  Island 

15 

50 

174  8 

2«; 

12 

Navigator's  Islands, 
—  t  )ponn.  E.  P. 

SirC.  Middlctop'.s  Is. 

2H 

IJ 

160 

31 

14 

9 

169  2 

vinitiipton  f»  Shoals 

29 

14 

I5S 

53 

—  Leone,  0.  P. 

14 

S 

169  16 

!  1 -li/alicth  lietT  . 

HO 

5 

159 

00 

—  Tanfouc,  F,.  P. 

14 

5 

169  18 

Islanil 

M 

14 

100 

37 

—  niaoune,  h.  P. 

14 

17 

|7tf  3 

,  1  ,ord  1  lou'c's  1.  . 

:u 

26 

1 59 

01 » 

—  <)>o)a»a,  ¥..  r. 

14 

3 

l7l  7 

.>  oi  lolK  1 .  ( .»i  t .  1  Ul )  . 

2 

168 

10 

—  'Uatuclah 

14 

30 

170  41 

iito>a»cua  itcei   .  . 

30 

30 

1 73 

28 

C'alina.K.sc,  N.  P. 

13 

45 

171  51 

.>orin  Vyapt  . 

Islot  Plat  . 

13 

51 

171  48 

34 

27 

173 

4 

.Ainargura 

18 

IH) 

174  3<> 

*  itfie  i>ren  ■ 

3d 

10 

175 

00 

\  avaoo  (IIonc'.>>)  Is. 

18 

50 

174  W 

36 

24 

175 

48 

Lati  or  Diekerton  I.  . 

IS 

52 

174  4? 

Mcrniry  Bay  . 

3t> 

4a 

176 

6 

^  .               11  1 

savage  Island 

19 

2 

169  M 

*  Hpc  r^iisi 

37 

44 

178 

58 

i  ooloa 

19 

4b 

175  6 

3S 

178 

35 

M.tanho 

19 

41 

174  15 

1  <ii>k'  l  apr 

39 

6 

178 

0 

Bouhec 

19 

34 

174  ?9 

39 

43 

1  /  i 

\U 

.'VnnHinoka 

20 

14 

174  50 

i    'III/*    1  iiftiiifp'jt  n 

V  ii|>u  1  uriiMi^kiiii  . 

40 

32 

176 

49 

Uounj;a-hapee  . 

20 

3b 

175  17 

j;  iiiLh'  I    r  mil 

Vi 

43 

173 

00 

1  ongatabuo, 

i|                  N  III!  1  Il1f*l*< 

ci|n>      (1 11  liiil.  1  C>      •  , 

4n 

37 

170 

16 

—  >  an  Dieinair.s  Roatl 

21 

6 

175  5 

|Moltncau.\  iiaj'boui* 

•10 

s 

1'.9 

41 

Loaa,  K.  r. 

21 

24 

174  4.% 

1  Ik*  ^  11**  v*i>  k3 

.\H 

6 

16«. 

20 

I'Mstaart'd  Island 

22 

22 

175  41 

4S 

I.) 

1<>6 

44 

*  f  ^  '1  Iki*           it  li 

47 

17 

U.7 

ll> 

rcarl  &  Hemic  s  Reef 

27 

46 

176  04t 

Si  iiili  i\  e^l  Bay 

46 

30 

167 

25 

King  (icorgc's  Reef 

19 

5b 

167  30 

46 

166 

.>  # 

Paluicrslon  Island 

18 

OU 

162  57 

i:» 

1 06 

i» 

^^  hytootaekc 

18 

56 

159  45  j 

1  ) i  InL  I*  V 

<»pt  li  H:i.v 

I.-. 

40 

166 

16 

iicrvey  s  Island  . 

l9 

17 

I  55i  4*^ 

13 

51 

IhM 

43 

tr 

VV  ateoo  Island  . 

2M 

1 

1.58  15 

».  ape  1  ordupathtr 

11 

5S 
4i» 

171 

30 

Maria  I .  . 

21 

45 

15.^  10 

C.ipj-    ntc^vcll  . 

40 

17.1 

18 

>3 

Mangcca  Island 

21 

57 

15?  7 

'tuiTiiCliarlotle'sSound 
'  -ttpc  Campbell  . 

U 

5 

171 

40 

Ko.xburgh  Ulanda 

21 

36 

159  40 

41 

34 

174 

56 

41 

24 

175 

41 

Scilly  Island 

16 

30 

155  10 

■  |)f  1  innont 

39 

23 

174 

12 

Lurd  Howe's  I.  . 

16 

16 

154  6 

'  '  !^l;u;'l  . 

.1 

1  7'-> 

5 

Mauriira  Island  . 

16 

06 

1.2  33 

UigiLizeo'by  V^OOgle 


TABLE  XIjVL  Latitudes  and  Longitudes. 


t9S 


c 
fee 
a 

1^ 


5 

S 
J  B 


Bolabola  Island  • 

Hctea 
— '  *hamcaaio  barb. 
Muuheine,  OwhaiteBay 
Sir  C.  San'^cr's  1. 
rinito  (Taloo  harbour) 
lotliuroa  . 

Otabeite,  Point  Venus 

« Kiiirjnha  Bay 
Osaaburg  or  Miatea 

Pr.  of  ^  ale*  I.  N.  P. 

T'lllisrr'g  Island  . 
Criaiii  idland 
Gloucester  laland 
*  Miftir^ta    .  • 
Ueruilura  1.  • 
ToolHMiai  . 
' '  i;i;!t  Vsl-md 
Bjrron's  Islands  . 
—  Taoukia  bland 
Diflappointment  Islands 
\'i>f  rit'irp  l?<land 
Furneaux  Island 
RetolotioB  Isteod 
Island       •  • 
Island 
Bird  Island 
Bow  Island 
Pr.  Henry's  Island 
Cumberland  I.  * 
Gloneester  Isten^ 
Queen  Charlotte^s  I. 
Whitsunday  Island 
Lagoon  Island  • 


Lai 
D.  M. 
16  38S. 
16  45 
16  45 

16  43 

17  2.) 


17 
17 
17 
17 
17 


1 

29 
46 
52 


Osnriluirpj  Island 
Rli;^h's  Lagoon,  1. 
Carysfoot  Mand 
Lord  Hood's  Island 
(iarnbiorN  I.sland 
Crescent  isl.uul  . 
St.  Juan  Baptista 
Pitcairn's  Island 
Oparo  Island - 


14  58 

15  ^8 
17  25 
80  31 
22  27 
22  43 

ss  u 
n  4s 

14  30 

14  7 
17  7 
17  11 

17  es 

16  00 

17  00 

17  49 

18  17 

19  00 
19  Id 
19  11 
19  18 
19  2h 

15  48 


22  fl 
21  43 
10  49 

21  31 

22  65 

23  12 

24  26 

25  4 
27  36 


Nukahiwa  1.  (Federal) 

—  Port  TochitschagoflT 

—  Port  AnnaMana,ent 
^  I —  Cape  Martin  S.  E.P. 

—  South  Point  . 

—  N.  W  .  point 
Uahuga  I.  (Washing 

ton  1.)  W.  p. 
?  Uapoa  1.  (.\dams) 
"  Level  1.  (Lincoln) 
Mottauily  Islands 

(Franklin) 
Hiau  I.  (Knox.Roberts) 
Small  Sandy  Island  . 
Fattnahn  I.  (Haaeoek; 


Hood's  Island  . 
Ohevabaa 

Obitahoo,  Resolution 


Long. 
D.  M. 


151 

i:.i 

151 
151 


52' 

:u 

35 

s 


ir.n  5s 

150  00 
149  3(> 

149  36 

144  14 

148  6 

147  50 
146  30 

145  30 
145  54 

150  49 
152  00 

149  20 
14B  3 

145  9 
141  22 
144  22 
143  7 

141  45 

139  00 
138  00 

142  43 

140  43 

141  22 
140  52 
140  SO 
13S  20 
138  12 
138  33 

140  37 
140  30 

133  33 
135  32 
135  00 

134  32 

135  6 
no  25 
ll44  11 


S  57  1 

139  42 

8  57 

139  40 

8  57 

139  32 

8  59 

139  44 

S  53 

139  49 

8  58 

139  13 

9  21 

139  39 

9  29 

8  37 

140  20 

7  59 

140  13 

7  S7 

140  3 

7  50  , 

140  6 

9  26 

13S  52 

9  41 

139  S 

9  55 

139  9 

Lat. 
I).  M. 

9  58S, 
10  25 

0  17 

0  26 

1  5 


13 
32 
40 
39 
51 
1 
5 
5 
11 
27 
10  46 
10  33 
10  51 

10  5S 

11  88 
11  52 
14  41 
14  37 
14  50 
14  57 


15  00 


Onateayn  Island 
Magdaiena  Island 

Bunkers  91ioal  • 
Marcus  Maad  • 

Island 

Brock's  Island    •       •  1 
Island       .        «  '3 
Hero  Island       •       •  5 
Island      .      •  •6 
ARock  -7 
Pennryhn's  Island      •  9 
Tienhoven  I.      •        •  10 
Cironingue  I.      •        •  10 
Retrsen's  Island         •  10 
Humphrey's  1.    •       •  ^0 
A  R^f     .  • 
PeaeadoL 
Ro|^wien*s  I.  . 
Tiburones  I, 
Flint  Island 
Bauman's  Islands 
SpiridofT  Island  .  \ 

—  Perhaps  Isl.  Oura  ) 
Isle  de  <^dens  . 
Isle  Ronianzoff  • 
Islc«  i!p  Kru 
senstcrii  cxten 
ding  N.  N.  E.  V  centre 
and  S.  S.  W. 
15  miles 

Cbainedtt  Rnrkk,  N. 

E.  P.     «  • 

—  E.  P  . 

—  W.  P.  . 
Dageraad  Island 
Dean,  or  Prince  ) 

of  Wales,  or  >  W.P.  15  fM) 
Oaanalitaad  )S.P.15  16 
Island  .  .  .  16  OU 
Island  .  .  .  17  00 
Island  .       .  20  00 

Elizabeth  Island  .  21  6 
Eunice  Island  .  .  21  8 
.Armstrong's  Island  •  2i  21 
Anderson's  Island  (or 

Elizabeth  I.)  .  .  24  24 
Ducie's  Island  .  24  40 

Island  .  .  .  25  13 
St.  Felix  Islands  N.  P.  26  20 

—  VV.  P.  .  .126  17 
Gray's  Island  .  .  126  24 
Sales  y  Gomes  .  .  26  36 
Easter  Island  .  .  27  8 
I.sland  .  .  .  23  6 
Group  of  Islands  .  31  3 
Massafuero  •  33  45 
Juan  FernandesS.W.P.  ;{3  45 

—  E.  P.   .       .       .  33  41 


13 
15 
15 


11 
20 
20 
15  45 


CO 
o 


NEW  SOUTH  SHET- 
LAND. 

Clarence  Island,  Floyd's 
Promontory 

Cape  Bowles 


Long. 
D.  M. 

38  51\V 
38  49 

60  40 
59  50 

38  54 

59  30 
73  45 

55  55 
66  18 

39  54 
57  35 

56  57 
56  50 

60  49 
60  53 
66  6 
59  25 
56  7 

43  00 
52  6 
55  12 

44  59 
46  10 
38  47 
44  28 


148  41 


146  30 

146  56 

148  22 

147  12 

139  00 
138  00 
167  50 
178  36 
178  47 
161  4 

I2S  11 
124  40 
130  28 

79  47 

80  4 
92  24 

105  34 
109  40 
95  12 
129  24 
80  38 
79  6 
78  53 


60  57 

61  20 

Com wallis  Island       Al  00 


54  6 
54  8 
54  28 


Digitized  by  Gopgle 


TABLE  XLVI.  latitudes  and  Longitudes. 


Seal  Islands 
Cape  Valentine  . 
Sarah  Island 
Obrien's  Islands 
Bridgeman's  Islands 
Cape  Melville 
SberiirCape 
Ditto  (anoflwr 
cbunt)  .  • 
Yankee  Straite  • 
Baggedliliiid  • 


i  at 

D.  M. 

D.  M. 

.  61  OOS. 

:)5  32\V 

•  Ol  o 

61  28 

56  35 

.  62  00 

57  12 

.  62  00 

57  46 

.  62  S8 

60  57 

m 

.  62  31 

61  47 

.  62  30 

60  29 

.6t40 

6S  10 

Ditto    (anolbflr  ac 

count)  • 

Ditto     the  harbomr 

(by  another  person) 
New  Plymouth 
Monroc*8  Island,  Presi- 
dent's Bay 
Cafttle  Rock  (west  of 

Monroe's  I.) 
Mottat  Pisgah  . 
Ditto  (tnolhar 


Lat. 
D.  M. 

62  42S. 

62  55 
62  46 

69  46 


62  50 
to  00 
57 


Lon£. 
D.  M. 

62  2UW 

63  5 
61  37 


62  30 

63  00 
63  40 


Note  to  pagf  270,  Table  XLVI.  line  1. 

I  have  considered  the  Essex  Siioal  to  be  the  same  as  the  FairUe  Rodc^  and  have 
l^venito  btltiide  andlongilude  as  in  Honbofgh**  Directoiy,  naanelv  3^  ST*  S.  107^  t  E. 
The  placeaMtoied  by  Captain  Oriir,  of  the  Essex,  is  3^  S.  107^  iH)'  E.  differing  nine 
milea  in  latitode  ;  and  as  it  is  possible  that  the  rocks  may  not  be  the  same,  1  have  now  ^ 
ven  Captain  Ome's  estimate,  made  from  a  meridian  observation  two  hours  after  sinking 
m  the  shoal,  June  26,  1804.  He  daacribed  it  as  *'  a  small  rock  or  eonl  jMiefc,  ten  by  the 
man  at  the  mast  head  an  instant  bcforf  she  struck  ;  but  there  was  no  appearance  of  a 
brtakiTf  though  the  breeze  was  fresh,  and  a  short  sea  running.  In  the  act  of  VBtahng  ship 
ihe  ftraekntber  on^  aide  of  As  loek,  wkieh  redneod  ber  veloci^  flroB  8  to  ^  iooli  i 
after  rubbing  a  few  teemda,  ate  Ml  offiatodMpv  water  (8  ftHMnt)  withovt  toj  mI» 
rialdamage.'* 


TABLE  XLVII. 


Showing  the  TIMES  of  HIGH  WJiTER  at  the  full  and  change  of  the  Moon,  at  the 
priiuipal  Ports  and  Harbours  of  the  fVorld,  with  the  vtrtical  rise  of  the  Tide  in  feet. 


PLACES. 


SITUATION. 


A 

Abbeville 
Aberdeen 
Aberystwith 
Acbill  Head 
Air  Foint 
MX 

Alban'sHcad  (St.) 
Amazon  River 
Amblcteuse 
Ameliaid  Island 
Amelia  Harbour 
Amlwick  Point 
Amsterdam 
.\m»terdam  Island 
Andrew*H  Bay,  St. 
Angra  Bay 
Anbolt  Island 
Ann  (Cape) 
Annapolis 
Anticosta  I.  W.end 
Antwerp 
Annumocka 
ArcbuHgel 
Ark  low 
Artaxi  Island 
Arundel 

Augustine,  (St.) 
Augustine's  Bay  St. 
Avrancbes 
B 

Babelmaodel  Str. 
Balisore 

Biillingskellings  B. 
Bally  Castle 
Bally  Shannon 
Baltimore 
Bamtr 
L'aiilry  Bay 
Bardspy  Island 
Barfleur  Cape 
Bariitoulb 
Bani«table  Bay 
Baiidsey  Cliff" 
Bayonne 

Beucby  (on  shore) 
Bcacby,  Offing 
Bear  hiand 
Beaumaris 
Bee's  Head,  St. 
Belfast 
Belle  hie 
Bembridge  Point 
Bergen 

Bermuda  Islaud 
Berwick 
Biscay 
Bilboa 
Blakeney 
Blanco  (Cape) 
Blamketa 
Block  Island 
B  omdo^fji^cj^^ 


France 

Scotland 

Wales 

Ireland 

Isle  of  Man 

France 

England 

America 

France 

North  Sea 

America 

Anglesea 

Holland 

Pacific  Ocean 

Scotland 

Tcrciera 

Cattegat 

America 

America 

America 

France 

Pacific  Ocean 

Russia 

Ireland 

Scotland 

England 

America 

Madagasoar 

France 

Red  Sea 

India 

Ireland 

Ireland 

Ireland 

Ireland 

Scotland 

Ireland 

Wales 

FVancc 

Wales 

England 

England 

France 

England 

r.ngland 

Hudson's  Bay 

W  ales 

England 

Ireland 

Bay  of  Biscay 

Isle  of  W  ight 

Norway 

Atlantic  Ocean 

England 

Spain 

Spain 

England 

Africa 

Ireland 

America 

Afrl';* 


TIME. 


11.  M 
10.30 

13.4.n 
7.30 
5.30 

10.30 
3.  0 
7.30 
6.  0 

11. 

10.30 

8.  JO 
10.30 

3.  0 
9.30 
2.15 
2.20 

12.  0 
11.30 

11.  0 
3.30 
6.  0 
6.  0 

6.  0 
8.15 

11.15 
9. 20 
7.30 
2.15 
6.00 

12.  0 
9.45 
3.15 

9.  0 
6.45 

4.  0 
11.30 

3.30 
8.15 
7.30 
8. 

5.50 
10.30 
3.30 
9.45 

11.  0 

12.  0 
10.15 
11.15 
10.30 

3.  0 
11.40 
1.30 

7.  0 
2.15 
3.45 
3.45 
6.  0 
9.45 
3.40 
7.37 

12.  0 


R. 


PLACES, 


SlTl'ATIOS. 


Bolt  Head 
Bombay 
13  Bombay  Offing 
Borkum  Island 
Boston 
BoHton 
Botany  Bay 
Boulogne 
Bourdcaux 
Brassa  Sound 
Bray  Head 
21  Bremen 
Brest 

Bridge  water 
Bridport 
8|Brigbton 

Bristol 
1 1  Broad  Bay 
Broad  Haven 
Burnt  Island 
Button's  Islands 
C 

Cadiz 
Caen 
9  Caernarron 
16  Calais 

Caldy  Island 
Calf  of  Man 
Campbell  (Port) 
Canary  Island 
^'anso  (Cape) 
12|Cantire  (Mull  oQ 
Capricorn  (Cape) 
Cardiff" 
Cardigan  Bar 
Carlingford 
Carlisle 
Cannarthen 
('arrickfergus 
Caskets 
1 3  Catherine's  Pt.  St 
26  Catncss 
Cayenne 

Cbarente  Riv.  ent. 
2(J{Charlefl  (Cape) 
Charleston  Bar 
Chatham 
24  Chepj^tow 
Cherbourg 
CbeAter  Bar 
Chichester  Harb. 
Christmas  Sound 
Churchill  (Cape) 
Clear  (Cape) 
16  Cod  (Cape) 
C'ondore  Pulo 
Conway 

Copeland  Island 
Coringa  Bay 
Coquet  Isluud 
5  Cornwall  (Cape) 

<^>rIl\^ nllis  (Port) 


England 

India 

India 

Holland 

England 

.\merica 

New  Holland 

France 

I'rance 

Shetland  ] 

Ireland 

<«ermaDy 

France 

England 

England 

England 

England 

America 

Ireland 

Scotland! 

Hudflon's  Bay 

Spain 

France 

Wales 

Franco 

Wales 

St.lieorge's  Ch. 

America 

Atlantic  Ocean 

America 

Scotland 

New  Hollaid 

Wales 

Wales 

Ireland 

England 

Wales 

Ireland 

Eng.  Channel 

Isle  of  Wight 

White  Sea 

S.  America 

France 

America 

America 

England 

England 

France 

England 

England 

S.  America 

Hudson's  Bay 

Ireland 

America 

China  Sea 

Wales 

Ireland 

India 

England 

England 

Pr.  of  \Vn\es'  1 


H.  11 

5.55 
11.15 
12.  0 
11.  0 
6.45 
11.30 
8.  0 
10.45 
3.  0 
10.  0 
3.30 
6.  0 
3.45 
6.45 
6.45 
10.  6 
6.45 
10.45 
6.  0 
2.30 
6.50 


TIME, 


20 


3. 

9. 

9.  0 
11.30 

6.  0 
10.30 

9.  0 

3.  0 
8.30 

10.30 

8.  0 

6. 

7. 
10. 
12. 

6.30 
10.30 

8.  0 

9.  0 
5.15 
6.  0 

4.  0 
7.45 
7.15 
1.  0 
7.30 
8.30 

11.  0 
11 .30 
2.30 
7.20 
3.30 
11.30 
4.15 
10.15 
10.30 
9.15 
2.45 
4.30 
1 .30 


11 


IS 

a 

16 


14 


22 
18 
34 


14 


24 


28 


20 


26 
1« 


6« 


15 

101 


by  Google 


S96 


TABLE  XLVII. 
TIMES  OF  HIGH  WATER. 


PLACES. 


Cork  I  {arbour,  en. 
Corunna 
Coutance 
Towes 

Crocotoa  Island 

Cromartie 

Cromer 

Crookhaven 

Cross  I.tland 

Cuxhavcn 

D  ' 
Dartmouth 
David's  Head,  (St.) 
I^eadmun's  Ft. 
Deal 

Dee  (River) 

Delaware  R.  ent. 

Diamond  Point 

Dieppe 

Dingle  Bay 

Dunnegol 

Dover 

Douji^las 

Downs 

Drogbeda 

Drontheim 

Dulilin 

Dudgeon  Lights 

unbar 
Duncansbay  Head 
Diitnintk  Bay 
Dun  iotly  Head 
Dundee 
Dungar>on 
Durigencss 
Dunkirk 
[.'unnose 
Dursey  Island 
E 

Eastern  Brace 
Eddystone 
Edinburgh 
Elbe  R.  (red  buoy) 
Elizabeth  Town  Pt 
Embdcn 
Exmuuth  Bar 
Exuma  Bar 
Eyflcr  River 
Eyemouth  Harb. 
F 

Fair  Head 
Falmouth 
Fayal  Road 
Fear  (Cape) 
Fecamp 
Ferrol 
Fcrriters 
Fifeness 
Filry 
Finsterre 
Fin  mark 
Kisguard  Bay 
Flamboro*  Head 
Fiorida  Keya 


(Cape) 


SITTATION. 


Ireland 

Spain 

France 

Isle  of  Wight 

Str.  of  Suiida 

Scotland 

England 

Ireland 

White  Sea 

Germany 

England 

Wales 

England 

England 

Scotland 

America 

India 

France 

Ireland 

Ireland 

England 

Isle  of  Man 

England 

Ireland 

Norway 

Ireland 

North  Sea 

Scotland 

Scotland 

Ireland 

Iroland 

Scotland 

Ireland 

England 

France 

Isle  of  Wight 

Ireland 

Bay  of  Bengal 

Enjg.  Channel 

Scotland 

North  Sea 

America 

Gennany 

England 

Bahamas 

Gennany 

Scotland 

Ireland 

England 

Azores 

America 

France 

Spain 

Ireland 

Scotland 

England 

^3pain 

Eapland 

Wales 

England 

America 

llnlland 


II.  M 

4.3H 
3.  0 

6.  0 
10.15 

7.  0 
11.30 

6.45 
;i.30 
4.15 
1.  0 

6.10 
6.  0 
0..10 


11 . 
11. 

9. 

2. 
10. 

3. 


0 
0 
0 
lo 
30 
30 


FT 
18 


15  F 
3F 
14 
1 


Fly  or  Mie  Galway 
Fly  or  Vlie  Road 
Foreland  (North) 
-'oreland  (South) 
'ormby  Point 
Fort  Si.  John 
'^ux  Island 


bF 


11 
9 

3. 


2  A 

15 
30 


11 


9.45 
5.501M 

2  30 
12. 

8.54 
12.  0 

6.25 

6.35 
12.  0 

2.15 

9.  0 
5.:K> 
2.20 
s:  0 
10.30 
3.  0 
3.30 

2.  0 
4.30 

3.  0 
2.15 
6.30 
4.30 
8.50 
1.  0 


lfi| 


II  AC »>. 


'owey 
'unchal 


SITUAriON.      TIME,  a 


G 

Gallicia  (Coast  of) 
20  Galloper 
Gall  vay  Bay 
G«lloway,  Mull  of 
15  (lauibia  R.  ent. 
Gay  Head 
George's  River 
Georgetown  Bar 
iSGoa 

<Jood  Hope, (Cape) 
6.30     Good  Hope,  Town 
11.  G  1 4  Gorce  Gatwav 
10.3021  Gouldsborongh 
11.  015  Granville 
10.45  Gravclinea 
2.15  Gravesend 
9.45  r2Grizness,  (Cape) 
6.  0  H 
2.  0  Haerlem 
10.  0     Hague  La,  (Cape) 
10.45  Halifax 
4.  Oil  Hamburgh 
2.15     Hartland  Point 
4.30  Hartlepool 
10.51  21  Harwich 

2jHa9borougb  Gatt 
Hastings 
Hattcras,  (Cape) 
Havre  de  Grace 
Helena,  St. 
Helens,  St. 
Helvoet>luys 
Henlopcn,  (Cape) 
Henry.  (Cape) 
Hoi V  head  Bay 
lluly  I.  Harbour 
lloidleur 
Hull 

Humber  R.  ent. 
Hurst  Castle 
I 

Ice  Cove 
Ipswich 

Ireland,  W.  Coast 
Ireland,  S.  Coast 
ble  lie  Dieu 
Isle  of  Man,  S.  side 
lvc.H,  (St.) 
Jackson,  Port 
Janeiro  Rio 
lohns,  (St.) 
lutland  Coast 
K 

Kedgeree 

Km  mart-  River 


Holland 

Holland 

England 

England 

England 

Nc  wfouiidland 

America 

England 

Madeira 

Spain 

Thames  River 

Ireland 

>colland 

Africa 

America 

America 

America 

India 

Africa 

Africa 

North  Sea 

.America 

France 

France 

England 

Franca 

Holland 

France 

Nova  Scotia 

Germany 

England 

England 

England 

England 

England 

.America 

France 

Atlantic  Ocean 

Isle  of  Wight 

Holland 

America 

America 

Wales 

England 

France 

England 

England 

England 

Hudson's  Bay 
England 
AU.  Ocean 
Atl.  Ocean 
France 

St.  George's  St. 
England 
New  Holland 
S.  America 
Newfoundland 
Denmark 

India 

Ireland 


FT 


5.15S4 
8.15  6 
4.30 


11.30 


r)inifi7Prl  bv  C^oogle 


TABLE  XLVII. 


29; 


TIMES  OF  HIGH  WATER. 


PLACKS. 


Ifennebeck 
Kentish  Knock 
Killibega 
King's  Channel 
King's  Road 
Kinsalc 

Kionoird'i  Head 
L 

Lambancs5 
Lancaster 
Land's  end 
Leilh  Pier 
Lemon  and  Ower 
Lerwick 
Lewis  I.slands 
Lewis  ( Butt  of) 
Limerick 
Lisbon 
Liverpool 
I^izard 
Loch  S  willy 
Loire  River 
London 
Londonderry 
Long  Sand  Head 
Longships 
Lookout  (Cape) 
Loop  Head 
L'Orient 
Lundy  Island 
Lyme  Regifl 
Lynn  Deeps 
M 

Machias 
Madeira 
Malacca  Roads 
Malo,  (St.) 
Marblehead 
Margate  Road 
Martin  Vas 
Maryi  (St.) 
May  (Cape) 
Milford  Haven 
Mizen-head 
Montrose 
Morocco  Coast 
Mount's  Bay 
Mount  Desert 
N 

Nangaiaki 

Nanu 

Nantz  RiTerent 

Nassau 

Natal  Rivier 

Needles 

Newcastle 

New-Bedford 

Newburyport 

New-Haven 

New-London 

Newport 

New'York 

NoQtka  Sound 

Norc  Light 

North  Berwick 


SITUATION, 


America 
R,  Thames 
Ireland 

liver  Thames 
Bristol  Chan. 

rclnnd 
Scotland 

Shetland 

England 

England 

Scotland 

North  Sea 

Shetland 

Scotland 

Scotland 

Ireland 

Portugal 

England 

England 

Ireland 

France 

England 

Ireland 

River  Thames 

England 

America 

Ireland 

F'mnce 

Bri^^tol  Cbao. 

England 

En^and 

America 

Atl.  Ocean 

India 

Franco 

America 

River  Thames 

Atl.  Ocean 

Scilly  Islands 

America 

England 

Ireland 

Scotland 

Africa 

England 

America 


TIME.  K 


H.  M. 

10.45 
11.45 

6.45 
12.50 

6.45 


4. 
12. 

9. 
11. 
4. 

2. 
7. 
9. 
6. 


16 


0 
0 

30 
15 
30 
20 
0 
45 
0 

6.  0 
6.30 
3.  0 
11.  0 

5.  0 
6.30 

3.  0 
2.46 

6.  0 
11. .30 

4.30 
9.  0 
4.15 

4.  0 
5,45 

7.  5] 
6. SO 

11.  0 
11. .30 
10.30 

6.30 
11.30 
11.45  10] 

3.4ft 

4.40 

8.45 

6.  0 

3.15 


30 


12 

7 


PLACES. 


FT 

9  NorOi  Cape 
O 

Olonne 

>porlo 
OrfordncsJ 
)rkney  Islands 
Orm's  Head 
Ortegal  (('ape) 
'stend 
O  wcrs 

P 

Padfltow 

Passamaquoddy  R 
Pansier  Roads 
Penmarki 
Penobscot  River 
Pentland  Frith 
Penzance 
27|Peter  Head 
Plymout'ii  Sound 
Plymouth 
Pol  de  Leon  (St.) 
ISfPoole 

Port  Glasgow 
Port  Hood 
Port  Howe 
Port  .lackion 
Portland  Bill 
Tortlund  Race 
Portland 
Port  Louis 
'orto  Praya 
'ort  Rose  way 
*ort  Royal  Island 
*or(';moiith  Harb. 
'or^moutb 
*ortiigal(  Coast  of) 


II 


Japan 

France 

France 

N.  Providence 
Africa 

Isle  of  Wight 
England 
America 
America 
America 
America 
Wales 
America 
North  America 
River  Thames 
Scotland 


1 .30 
2.15 
5.  0 
11.  0 


SITl'ATION. 


\ilo  I'inang 


Quebec 
Qucda  Roads 
R 

Kaehlin's  Island 
Ram  Head 
Ramsey 
Kam«gate 
l<4Rhe  Island 
12  Rhode-Island 
Rio  Janeiro 

7.53  Robin  Hood's  Bay 
4.  0  Kochefort 

3.  0  Rochcllc 
7.30  Rochester 

10.  0  12  Rodriques  Island 
9.  0     Roman  (Cape) 

4.  0  Roseness 
7.S7  5  Rotterdam 

11.1510  Rye  Harbour 
10.16  S 

8.54  Sable  (Cape) 
6.45     Sable  Island 
8.S4  5  Salem 

12.20     Salvador  (St.) 
12.15  14  Sandwich 
2.  01  SandwichJBaj^ 


Lapland 

France 

Portugal 

England 

North  Sea 

Wales 

Spain 

France 

Eng.  Channel 

England 

.\mcrica 

Dornrv 

France 

America 

Scotland 

England 

Scotland 

England 

America 

France 

England 

Scotland 

Czpe  Breton 

Nova  Scotia 

Nova  Scotia 

Enf^laud 

England 

America 

France 

C.  V  erd  Isles 

Nova  Scotia 

N.  America 

England 

.America 

Europe 

India 

Canada 
India 

Ireland 

England 

Isle  of  Man 

England 

Bay  of  Biscay 

America 

S.  America 

England 

Franca 

France 

England 

Indian  Ocean 

America 

Orkney 

Holland 

England 

Nova  Scotia 
.America 
America 
S.  America 
England 
Nova  Scotia 


TIME. 

K 

U.  M. 

F1 

3.  0 

o .  .>'.' 

1 J 

lU.  M3 

c 
c 

In  1 1 

^  n 

1  o  9rt 

1% 

^  1 

11    91 1 

1 1  .  JV' 

•  >  1 

0  •  V 

( 

7  in 
.5.  av 

IS 

1  n  Id 

111 .  Ov 

% 

ft 

I, 

to  ft 

0. 

n 

1 

( 

O.JO 

Q  n 

1 1  .  4^ 

7  ^11 
#  .  J" 

< 

0 .  ou 

< 

< 

9.15 

10.45 

< 

1  1 

11.  0 

8.15 

1 

0 .  1 .' 

I  1 .  oo 

1' 

11.10 

V  n 
a.  V 

1  in 

1 1 

tft  ft 

1 
1 

Q  0 

1  n 

0 . 4  J 

4.. 30 

3.45 

J.  U 

1  A  •-. 

1  .  u 

1  ^  •  49 

1 

0  •  u 

1  n  m 

3.30 

• 

10.51 

2' 

8.  0 

8.30 

11.30 

I 

3.45 

11.  0 

9.  0 

1 

N  n  2  Ta» 
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TABLB  XLVM. 


TIMES  OP  HIGH  WATER. 


PLACCtt. 


BITDATION. 


TIMK.  R. 


PLACU. 


SlTt'ATIOM. 


TIMS.  iU 


Sandy  Hook 

Scarborough 

Scaw 

Scilly  Islands 
Seal  Islands 
Seine  River 
Selsca  Bill 
Selsea  Harbour 
Senega]  B.  rat 
Seven  Island <; 
Shannon  R.  enU 
SheeraeH 
Sheepscut 
Shetland  L  S.eiid 
Shields 
Shorekun 
Sierra  Leon 
Simon's  Bar  (St.) 
Skerriea 
SkfTric? 
Sky  Island 

Sli^rO 

Slyne 

Snialls 

Somnie  Rirer 
Southampton 
South  woald 
Spain  (N.  coast  of) 
Spurn  Point 
Start  Point 
Stockton 
Stonehaven 
Stromeneat 
Sunbury 
Sunderland 
Smanaoy 


N«w-Jer»ey 
England 

Denmark 

Eng.  Channel 

Bay  of  Fundy 

France 

England 

England 

Afrien 

I^apland 

Ireland 

England 

America 

North  Sea 

England 

England 

Guinea 

America 

Wales 

Scotland 

Scotland 

Ireland 

Ireland 

Wales 

France 

England 

England 

Bay  of  Biscay 

England 

England 

I  England 

Scotland 

N.  Amerien 

England 

V\ales 


FT 


1 


16 
15 

1 

121 


T 

Tees  River 


England 


H.  M. 

6.37 

4.30 
12.  0 

4.40 

S.45 

9.  0 

9.3f 
11 .15 

11.  3 
9.  0 
3.45 

12.  a 
10.45 
10.30 

3.  0 

9.21 

8. 15 

7.30 
JO.  O 

5.30 

6.  0 

6.45 

5.15 

5.50 
10.30 
11  .45 

9.  0 

3.  0 

6.15 

5.66 

4.30 

1.  0 
10.30 

9. 30 

2.45 

6.  OiO 
12.  il6 


15  Typi 

9 

6L 
i: 
I6l 


3.30 


Telling  (Cape) 
3|Tetden 
Texcl  (ent.  ol) 
^exel  Koad 
Thames,  R.  month 
i  inmouth 
fodhead 
Forbay 
Forj  lala&d 
rouiisend 
i'uskar  Rock 
la  Roads 
U 

shant  (within) 
Lshant  (ivitbout  in 
the  ofRng) 
V 

Vannes 

Vincent  (Cape  St.) 
W 

VVardhuys 
VVatchct 
WateribfdHnriK 

Wcscr,  Ri\  t  r  ent. 
v  estem  Brace 
18|  Wexford  Harbour 
cymoutib 
Whitby 
hitehavan 
'icklow 
Wuitrrtnn 
Woolwich 
Wrath  (Cape) 
V 

Yarmouth  Roada 
Yarmouth 
Yorkshire  Cotat 
YoughaU 


Ireland 


FT 


20  W'l 
20  Wi 


12 


Holland 

Holland 

England 

England 

Scotland 

England 

IvelMid 

Ainerien 

Ireland 

River  Canton 

Fraoee 

Franee 

France 
Spain 

Lapland 

Bristol  Chan. 

Iraiaiid 

Germany 

Bay  of  Beiq^ 

Ireland 

England 

England 

Enclattd 

Irenuid 

England 

Ei^and 

Scotland 

En^and 
Isle  of  Wigjbt 
England 


B.  M 

6.  0 
11.46 

6.45 
7.45 
19 

3.  0 
12.45 
6.1 

6.  0 
10.4 

7.  V 
10.  0 


3.45  2( 


13 

i4j 


4.30 


0 


16 


CONTAlirUtV  MViraOOft  OF.DBTBMIVIiro  THE  liOVmWb^  BT  OBSBBTATIOXS 

OF  ECLIPSE,  OCCUIiTATIOnSt  .Sec  • 

THE  longitude  of  a  pltM  may  be  determined  ill  a.  very  accurate  manner,  by  obr 
•erring  the  beginning  or  end  of  a  solnr  eclipse,  or  ocrultation  of  a  fixed  »tar  by 
ibe  moon,  or  the  difference  between  the  timc«  lii^it  the  moon .  and  a  known  fixed  atar 
^••i  ^  meridian.  Thne  olMerratioin,  whennuule  on  land  with  a  good  telaacope  aad 
well  regulated  time-keeper,  furnish, by  f;ir  the  most  arcurate  method  of  determining  the 
longitude,  and  when  made  on  board  a  ship  without  a  telescope,  will  in  general  give  it  to 
*a  greater  degree  of  accuracy  than  any  other  method  :  For  this  reason,  it  was  thought 
fnpar  to  insert  In  this  Appendix  the  usual  niles  of  calculating  such  observations,  br 
means  of  the  Nautical  Almanac.  The  fir&t  thing  to  be  taken  notice  of,  is  the  method 
of  determining  the  longitude,  latitude,  kc.  of  the  nooo  or  other  otgect,  having  regard 
to  the  unequal'faloeity  hetWeen  the  timfli  for  whieh  theae  i|WBtitiea  on  given  in  tto 
Nautical  Almanac.  This  calculation  is  rendered  much  more  simple  by  making  use  of 
the  signs  and  — ,  and  performing  addition  and  subtraction  as  in  the  introductory  rules 
qf  A%ebra ;  and  as  it  is  poseiblc  that  these  rules  may  not  be  familiar  to  aome  readeia  of 
this  work,  it  was  thought  piopor  to  prells  an  avphi nation,  aa  tea*  wlH  bo  nwtnuf,  in 
ihit  pnaentprobtein? 

Quantities  uritAotti  a  »g7t,  or  with  the  sign  -|-  prefixed,  are  called  positive  or  affirmaHpff 
fa  7  or  4*  7;  and'those  to  whieh  the  sign  —  is  prefii^ed,  are  called  negativet  as —  7, 
»9ddition  of  qtumtitinf  haring  thr  s(wie  that  is,  all  affirmative  or  all  nr^ativf,  is 

ptr/amud  bjf  miSng  them  at  in  common  ariUtmetief  and  prefixing  Uu  eommon  sign, 
'nma  the  mun  of-f4and+S{a  +  7.  Tlie  ram  of  —  4  3  and  <—  6  is  — It. 
When  the  quantUies  hoot  not  the  same  sfgti,  the  positive  qutmtUies  nutst  be  added  into  one 
sunif  end  the  negative  inlo  another,  as  above ;  the  difference  oj  these  two  sums,  with  the 
sign  of  the  greater  sum  prefixed^  will  be  the  sum  of  the  piropoted  quantUies.  Thu«  the  sum 
of  -f  14,  —  7,  Hf-Sy'and  —  9,  is  founS  by  adding  4-14  -{-5,  whose  sum  is  H-  19 ;  and 
then  —  7  and  —  2,  whose  sum  is  —  9  ;  the diflerence  of  19  and  9  is  10,  to  which  must 
be  preiized  the  sign  of  the  greater  number  19,  which  b  +i  *o  that  the  sought 
is  + '  The  foflowiag  enmplea  wiU  i^mtrlte  theoa  ntei. 

AM4>4  Add-f  410'  AJd-4'tOr'  Ml-4'  10'    *  Add-f-l  Add4-f  0" 

•    +7  -    -1       —      +4  la 

— S  Som+e  15    fiam-<^id  Saai->8  5        8«ai  -  0       —8  T 


Siua  +  iz'  •  Sura -f  4  5» 

^uhtradlm  us  perform  id  bij  changing  the  sign  of  the  vunihcr  to  be  subtracted  /i*om-|-/o— , 
<tr  from  —  to  -f  >  <"*<^  ^hen  adding  the  ntfmbers  by  the  nrectding  rule.  .  Thus  to  subtract 
;|-  3  iflmn  4-  7  the  sign  of  +  3  mnatbe  changed,  and  the  numbers  —  Sand +7  added 
together  as  in  algebra,  which  by  the  preceding  rule  jjives  -f  ^ ;  wid  if  it  were  required 
to  subtract  —  3  from  7,  the  sign  of  —  li  must  be  chnngcd,  and  -\-^,-\-7  added  together- 
The  sum  -|-  lO  represents  the  souglit  ditfcrcncc.  It  is  not  usual  to  make  an  actual^ 
change  of  the  sign  in  any  proposed  question,  it  bein^  suflieicnt  to  suppose  the  nunriiltf 
to  be  subtracted  to  have  a  different  sii!:ii  from  that  prefixed  to  it,  and  to  perform  the  Cft-* 
ration  accordingly.    To  illu.stmtc  this,  the  following  examples  arc  added. 

Kfo.  4-  4'  l(y'  Fro.  +  4  10  '  Fro.  —  4'  10"  fro.  —  4  10"  Fro.  -f  1  fro,  —  I  iW  + 1 
gab,  4-2  5     Sob.  -  2   3     Sob.  —  2   5     Sub.  +2  5     Sulk  —  l    Sab.  —  1    SObi  + 1 

B«,  +F7    Ra.        U     Re.  —2  •     Ite.    -6  16     ■«»  Hhi  0    Ra^  0 

Fmm      109        From  —  lOt         Fr«ni    *  103  '      From  —  lOt        Fioai   — 9M 

6'ib.        201         Fiib.     —201  Sut».    —Ml         SuU        201  Sabw     '  lOI 


Rem.    —  i'J         Rem.   +05         Rem.    +r>0»         Rem.  —  S09  Rem.  —30 

Observing  that  When  uo  sign  ia  annexed  to  a  quantity,  the  sign  -j-  ^  always  uudcrstoo4 
tobepftflnd. 

PROBLEM!. 

To  find  the  longitude,  latitude,  S,  r.  nf  thr  m^mt  ut  am;  zirm  time  at  Greemuichj  hntnns; 
r.  <:ard  to  Ihi  unequal  velocity  between  the  limes  marked  in  the  JfmUicql  JSimatUKf  Tht 
inlerrals  <^  theu  Onus  hemg  19  hours. 

RULE.  * 

Take  firom  the  Nautical  Almanac  the  two  longitudes,  latitudes,  &c.  peat  preceding 
the  given  time  at  Greenwich,  and  the  two  immediately  following  it,  and  set  them 
down  in  succession  below  each  other,  preiixing  the  sign  +  to  the  southern  latitude 
or  dedlBalions,  and  Om  tko  —  lo  the  northem.  Siihtract  each  of  these  quantities 
l|MnlhelbUoiijiigfbrtheJ|rild||^^  and  call  aiUdle  (Bm  vreh  A;  ^HlMt 
^      •  Go  (Tab.) 
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672  TO  FIND  THE  LO^Ul  i't'PE,         oy  TUe  SLW,  MOON,  XSD  FLANBT8. 
•  • 

etch  Unt  diflennee  fton  Oie  roflowflk  for  the  ieeontf  iMbwwM^  uoA  taks  lbs  Wf 
sum  or  mean  of  thMB,  whieh  call  the'aroi  B,  noHng  Che  e^pu  eC  the  qmnitiriw  ii 
aleebra. 

rind  the  difference  between  the  given  time  and  the  second  tiaie  taken  fc«Nn  the  Na»> 
tica)  AloMUiac,  which  call  T,  then  to  its  logarithm  add  the  log.  of  A 
logarithm  5.36452,  the  sum  rejecting  10  in  the  index,  will  be  tlie  logarithm  «f  tke 
pmrUunai  partf*  to  which  prefix  the  sign  of  the  arch  A ;  obsenriog  to  cgpi—a 
qaantitiea  ta  seeondt. 

Enter  Table  XLV.  with  the  arch  B.at  the  top  and  thr  time  T  at  the  side,t  opposite 
to  tliis  will  be  tlic  correction  of  second  diiferences,  to  which  prefix  a  iifftraU  sign  trom 
that  of  the  arch  B,'  and  place  it  under  the  proportional  part  found  afaoTC,  and  the  second 
^antity  taken  firom  the  Nautical  Almanac,  and  connect  these  three  quantities  together 
as  iji  addition  in  Algebra  ;  the  sum  will  be  the  sought  loneitude,  latitude,  &c  The  llti> 
tude  or  declination  being  south  if  it  has  the  sign  -\- ;  norlilif  it  has  the  sign  — % 

EXAMPLE  I. 

Required  the  longitudes  and  latitudes  of  the  moon,  December  12, si  15h.  4S'. 
W  and  ITh.  las^S^  app,  time  bj  aetroiiogueal  conpoMiOB  tt  GeeMHrid^ 
napaid  to  the  iwMiniea  and  emsnripn  of  8pk%.ealeo^ 

1808.  Dec 

D 

12  noon 
1 J  inidn. 
IS  noon 

13  uUln. 


Bioefiir.A. 

6  10  45  20 

6  17  51  36 

6  23   2  M 

T  S  18  63 


1SU  dur 

•  •  " 

.  7  6  16 
A  7  II  18 

Via  6. 


s^Ldifi. 


+5  2 
+4  47 

B=+4.  M.  5, 

IMMERSION. 


^haltSr 

4-  2  40  58  : 
-  -  2  .  6  37 
i  39  53 
•f  0  51  18^ 


—2  2i 
—I  49 


Constant  5  56A57 
r=  3h.  48'  29":=  iST&y  log.  -J.IiiTOl 
A=  7    II   48  =  25878         lo".  4.4I2,^;{ 


+     2    16  52.2=  8212.2       lug.  3.91 4  V 


•fS  17  51  36  Scoood  loneitwlc. 


.a  aft    7  «6.S  lODgitndS; 


— jb'  4 


—22135" 


— •     1 1   B0.7=—  C;>3,7 


4-2.  6  S7 
•f  i7«rT72  ]^*s blteide sooth.* 


. .  .    5S04c  2 

  4.1S70I 

lo".  3^341 


EMERSION. 


A  T  n  la  B 


'      tog.  425T42 
tog.  44199 


+  99 


10896       log.  4.03487 


il=»-  98*  41' 


bf  .  2SS5SS 


-fS  17  61  36  Second  Innpilude.  | 
—  35.9  Table  XLV.  C=s4  -54".i 


4-2    6    37   Second  latilodei 
4-  15.4  Tab.  XLV.  B=-C 


^6S0  51  36.1  ])y  loogUude. 


+1  51   29.1  ^'sistitlldeSMUa. 

!  of  in  Problem  VII. 
EXAMPLE  II. 

Required  the  lonj^tudes  and  latitudcH  of  \ho  moon,  June  16,  ISOib,  at  2h.  49*  50. "1 
and  5h.  34'  6''.6  app.  time,  astronomical  account  at  Cireenwicb,  which  corre^oud  oev- 
1rtofhabag|Biifa«aBdaiidor  thatotdecHpeeof  thaflOBaaabaemdrt  ' 


^  lonr.  N.  Am 

g       o      »  »» 

isi.diii:' 

^  htt.  N.  A. 

lit  diC 

2    14  48  58 

7  17  21 

t     f  ■ 

—1  14  6 

+38  53 
A.-HO  46 

2   22    6  19 

A-}  80  59 

+3  32 

—0  94  13 

8   29  27  12 
•    6  60  47 

7»8» 

+2  42 

898 

48€r» 

•fc«a55 

•  This  ntay  be  found  to  minales  br  Table XXX.  by  entcrini;  it  at  the  top  wllh  half  ibe  nrch  A  (Wause 
the  table  ♦'Xtends  only  m  3'  45')  and  at  iIjp  side  with  the  dme  r ;  tlie  roiult  doabled  will  be  nrarly  a-* 
bourht  proportional  part ;  l.ut  the  tabic  not  being^  catcuialcd  to  seconds,  it  is  hardly  arcunite  enouph  to  be 
used  In  calrulalinfj  eclipses-  Thi-  rorrectiim  may  aliin  be  found  ''v  proportion  ;  t)j  sayiii(j  as  y2  b<-iurs«f« 
to  tbe  time  T,  so  ii  the  arch  A  to  the  sought  proportional  part,  ano  thU  mcllMxi  u  the  i«b(>rteil  wiim  T« 
•n  aliquot  p^irt  of  18  hoars.  Thiu  if  T  bee,  G  or  9  hour*,  tbe  proportional  put  will  be  i,|  or  |  of  As 
arch  A  rvspecUvely.  Thia  ntetltod  it  made  use  of  iu  Problem  xVlI.  in  liiaspslsHiii.  the 


moon  and  tun- 

1 1^'*-  °  — ■  -tnrnlT  thr  rnrrri  tlnii  fiij  BiliiiiiM  mm  nf  i 

omit  be  fcoad  stpstwtdy,  tbe  som  of  thflsp  three  ram  will  bs  Ae  sM^t  c  

irtsfbrdM  SitMtet  of  th^  ItneToisj  be  taken  in  finding  Uie  correction  of  this  table  wkeri 
'"^'i  f«le,pBrt«i  tbe  eonredioa  of  third  fUflereooe  is  neglected.  Tbis  part  never  cstesS* 
IAnMss,sttdraiHjaaKNUittioas8MdlfiracliaB«raseseiA  ' 


iDigitized  by  Google 


»0  FIND  THE  LUNUI 1  L  UE,  &C.  OF  THE  SUN,  MOON,  AND  PLANETS*  ^73 


BEGINNING  AT  2b.  49'  50",  l=T. 


Second  loogtttMJe 

A  1'  •-•0  53  '  Prop,  part 

1^      a    7  Tab.XiV. 


farond  longitude 

A  V  20  43  '  Prop.  l»rt 

9     t  7  tttTXLV. 


'28. 

+ 

22"  6 
1  4S 

19" 
16.8 

St^ond  latitude  N. 

A   Af\'   Ahi*'    D^tfxrk     t>  tr^ 

A  4U  4b    rrop.  p<<ri 
D      51    Tab.  XLV. 

—  0» 

+ 

94'  IS" 
t  87J0 
2.t 

2 

28  eo 

2j0 

Utilnde  N.    . . 

—  0 

24  »8.t 

.  84*  6"j8=:T. 

f 

2s. 
+ 

22«  6' 
S  '24 

19" 

364) 
232 

Cecnnd  latitude  N. 
A 46"  Prop.  iNUl 

—  <!•  M'  IS" 
-f     11  fiM 

—  M 

2 

25 

)^  iMltNdc  If* 

-r  0 

16  2tJ 

He  nroportunwl  puU  of  the  arch  A  were  calculated  in  this  example  hy  arithmetic 
ivitluraAogarifluBB.   By  olMtmtioiw  of  the  eelipse  on  that  4a|',  it  was  found  that  the 

moon's  longitude  wa.s  too  «:;r«  at  by  59".')  mid  licr  latitude  too  trreat  by  ll"A.  Tlftse 
corrections  are  implied  to  the  above  lou^tudes  and  latUudcsi  in  calculating  the  eclipse 
in  Problem  VI. 

BemmrkX.  It  wiB  not  be  necessaty  to  take  notiee  of  tlie  lecMid  dUlercnces  in  calcu- 
lating the  parallax  or  scmi-diamctcr  of  the  moon,  or  any  of  the  solar  elements  useful 
in  TakMlttipg  an  eclipse  or  occultation. .  In  tUi.s  case  the  quantity  immediately  preceding 
%lidi^Bilowiiig  the  proposed  time  at  Greenwich,  must  be  taken  from  the  Nautical  Afana* 
aac,  and  their  diflerencc. will  be  the  arch  A,  also  the  difTert  rico  between  the  proposed 
time  and  that  taken  first  from  the  Nautical  Almanac  is  tu  be  called  the  time  T.  Then 
by  proportion,  as  the  interval  between  the  tines  taikeii  ftom  the  Nantical  Almaiiae  b 
to  ne  time  T,  so  is  the  ardi  A  to  the  eorraBtUm  to  be  «ivii^d  to  the  firi^t  quantity  taken 
from  the  Nautical  Almanac,  additive  if  increasing:,  ?ubtractive  if  decreasing.  This  cor- 
rection may  also  be  found  by  logarithms  as  above,  using  the  constant  logarithms  5.36458 
irUM  interval  of  timeB  fai  the  Nautical  Almanac  i«  19  hours,  and  5.06349  if  the  in- 
terval is  24  hours.  The  proportional  part  of  the  moon's  parallax  and  semi-diameter 
may  alao  be  found  by  Tabic  XI.  and  that  of  the  solar  clement*  by  Tables  XXX.  XXXI. 
as  taught  in  the  explanation  of  tiieee  tables.  To  eacemplify  this,  the  lest  of  the  quanti- 
ties leqAe  la  ookutaliBg  the  eoll^  and  occultation  (Pfob«  YI.  VII.)  are  beife  found. 
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1806. 
16  DOOB. 
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_   tA> 

Fr.iwPtT.Jb.4yaO".l 
C'.orre»pond.  values 

IV.  p:irt  T.  5h.  3-1'  6".G 
Currcsjxini].  val. 


16 

+ 

16 


8.D. 
27" 
30 
3 

(k7 
91.1 

1.4 
28,4 


(.0' 
GO 

60 


S.H. 
21" 
34 
13 
&I 
24.1 
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27.0 


1S08. 
Jmm  is  ao«n. 

17  ndon. 
Differences  A. 
Ar.(wtT.3h.49'S0'M 
Gnrrsspond.  val. 

Pr.  parfT.5h.54'  6"j6 
Corrp»i>oMd.  val. 


0  Inn-. 

C»  or  If.  ' 

85   31  35 

57  17 

•4-    e  4&4 

S4  41  &4 

13  17.5 

47  35.6 


84 


0R.  A. 
^h.  u>r  20  '  & 
5  40  31)  0 
4  8  4 
89  4 
80  0 
4-  67  9 
5    9r  18  5 


The  semi-diameters  Urns  found  must  be  dctTcascd  2''  for  inflexion,  and  augmented 
by  the  correction  Table  XLIV.  in  calculating  an  eclipse  or  occultation  by  Problem  Xlll. 
or  in  deduciiq;  the  longitude  from  ohM^rvations  by  Plroblems  VI.  VII.  VIII.  or  'X. 

The  sun's  serai-diameter  by  the  Nautiral  Almanac,  June  13,  1806,  was  15'  4(i".3  and 
June  19,  1806,  was  15' 4^'.9.  Hence  at  the  above  timeiUwas  U'46".l.  This  in 
•elipfles  oftke  sun  nmstbe  doeieesed      for  imdiotion. 

Remark  8.  The  above  rule  for  calculating,  the  second  differences  of  the  lunar  mo- 
tions where  the  intervals  in  the  Nautical  Almanac  are  12  hour;*,  may  l>c  made  use  of 
when  the  intervals  are  three,  six,  kc.  days,  (as  is  the  ca^c  with  tb^  element<i  of  the 
notions  of  the  planeti)  by  taking  two  longitudes,  latitudes,. &c.  before,  and  two  after, 
the  given  time  at  Greenwich,  and  thence  deducing  the  arches  A,  B,  an<l  the  longitudes, 
latitudes,  &c.  and  then  making  use  instead  of-  T,  of  the  quolient  of  the  dUlerence 
Iwitwoi  the  given  time  and  ^t  marked  In  the  NantiGal  Almanac  against  the  second 
llMBgitudeb  &c.  divided  by  the  number  ofhalfday»  in  the  given  i  itcn  nl.  Titus,  if  the 
lulerfal  is  one  day,  the  divisor  is  two :  if  the  interval  is  3  days,  the  divisor  is  6 ;  and 
if  the  taterftl  is  6  days,  the,  divisor  is  IS.  Thus  if  it  were  required  to  find  the  geo- 
cMtric  longitude  of  Jupiter  July  144.  13h.  W,  1806,  astron.  tec.  at  Gieenwieb,  the 
irotk  would  bo  as  follows. 
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In  thiti  example  the  time  T,  is  3h.  7'  StT,  foimd  by  dividing;  by  12,  the  interval  betmeeft 
July  13  aiu!  Jnlv  ]  1  ih.  30 '.  In  geimral  the  correction  of  Tabic  XLV.  maj  be 
ncgleclcd  ui  calculaiiiij;  lUc  plai-es  of  the  planets.  In  the  above  rule  the  intervals  of  tune 
■t  wliich  tbe  longitiid^  &c.  arc  niurkcd  in  the  N.  Ai  are  Mppotadc^Hl.  If  that  shoukt 
not  be  the  case,  the  Qoimtioii  Table  lU^V.  mi^  be  neglected,  on  aeepuBt  of  tlw  tnuU* 
of  cainilatiiut  it.  > 

PROBLEM  II. 

ta  And tiU  Jbem mMm qf  ikt  moan  m  long.  UL^,tl  mw gUkkUm af  €h$mML 

RULE.  ^ 
}'ake  from  the  Ndtiticat  Almanac  the  four  lon|!pitude9,  httt^itufc,  &c.  two  imraodjatciy 
InwediiiK  the  given  timr  at  Urcenwich,  and  tno  immediately  foUowing.  fMlz  thesi^n 
-j-  to  the  sotithcrn  latitiide.H  or  declinaifbns,  and  the  sign  —  to  the  northern.  Then  find 
the  first  aud  second  ditterencc*,  the  Arch  ti,  and  the  time  T,  as  in  Problem  I.  The 
netB  of  tiie  two  Ant  dlifenlneee,  noticing  the  ligns  -as  fii  al^bra,  wfli  he  Ihe  app  jjcftwlu 
notion  in  12  hours. 

To  the  proportional  logarithm  of  one  fourtli  part  of  Ihc  time  T  add  the  proportional 
l(^aritlun  of  the  arch  B,  the  sum  will  be  the  proportional  logarithm  of  the  corrvdlton  oC 
the  afproyiinalQ  motion,  to  be  applied  to  it  with  the  same  sign  as  the  arch  B,  and  the 
corrected  motion  of  the  Boon  in  IS  houo  will  ho  obtained,*  which  divided  bj  IS  wSi 
eive  the  horary  motion. 

EXAMPLE!. 

Required  the  horary  motion:!  of  the  moon  in  If^lgiMdlf  Dee.  It,  1000^  at  l5h.  9P 
^ind  17h.  1  2^'  app.  time  at  Greenwich. 

This  correspoudji  tu  Example  J.  preceding,  in  which  T=:ah.  43'  29  and  :  \'  i9^\ 
The  two  fint  differences  in  longHttdO  7^  6^  16^  and  9*^  li;  Iff';  their  moan  7^  »  47"  ia 
the  approximate  motion  in  IS  houiB,  and  the  anh  B  is  ^  64".5.*  The  rect  of  the  calcn- 
lation  is  as  foUow.n. 

At  lib-  -ta  23    T=;3h.  -IS'  23" 


AI  m.  1' Mb.  r  sr.* 

•  ...  .   i.mi 

j  T Vil 'iV  »' J .* * .  •  *.  F.  u  aiti 


Corr.+  2*3  P.I. 

Approx.  tabu   7   8 .  47  Apprin.  mot.     7   8  47 


Mel-  12  boon  7  lO  ao  Mo- 12  hoiu-«     7  lu  50 


fa  1  boar  35  ai.7  1      lu  I  hoor  35 

In.a  similar  manner,  if  the  horary  motion  in  latitude  was  required  at  I2d.  17h.  33 ,  ihe 
two  J^  l^yr«rmeettelBtitndoaio-^34'^n^^  their  mean  —  SS' 33^' b 

tljc  approximatd  tnotion  in  12  hours.  The  corrci  tion  found  by  the  above  rule  with  the 
time  T.  5h.'33  and  the  arch  B=—2f  4>",5  is  —  59",  whence  the  true  motion  in  12boor« 
is  —  whieb  divided  by  IS  gives  the  horary  motion  —  3^  S*.7.  The  negntivraigB 

— ^  indieates  that  the  north  polar  (Ustance  is  decreasing,  the  posatire  tiga  -f-  timt  it  b 
increasing.  In  the  present  example  tbe  north  polar  distaoco  Waa  dflfeRacing,aad  as  dm 
latitude  was  south,  it  was  also  dMreasini^  as  is  evident. 

•EXiKfPLBn. 

Re(|aired  tiro  horary  motions  df  the  moon  in  longitude  June  iTi,  I'^OGydttt.  4St  KT .% 
and  5h.  34'  6".6  app.  tim«  by  a.ttronomlcal  computation  at  Greenwich. 

This  certesponds  to  Example  II.  preceding,  in  which  T=2h.  4^  5(fM  and  Sku  S^iT,*; 
lift  two  fint  dUTerencei,  are  7^  17^S1"  and  7^  S<y  53",  the  oman  of  wIM  T*l91'i» 
the  afpwilnilB  motion  la  IS  hours,  the  afck  B  ie  +  3^  7«. 


*  TbenMHion  in  12  hours  thusotiu<ned.  whicli  f<ir  disiincii.  M  uill  t>ecan«d  the  arcliM,  b  aoti, 
•reunite,  iluc**  tli«  Ihird  «rKl  hi^ti^r  opK-r*  of  diflel^jictsi  arr  ii<xl«*c»«'^  ;  t>"»t  horary  n»«'tloa  i 
tbrrefrom,  .lT)iirnl,irtlIv  •.nflicitni  for  the  our^wo  of  (trqjecliiig  on  *Hi(K4«  or  occnltaiion  W'ktt  r^ratpr 
acrur.icv  b  ret|utrvtJ, (litf  ihirtl  •liflTr  t-iices  r-iy  Im^  inkeii  inlu  ncc^UDt  in  the  following'  cBiuimT.  Ua«iui; 
Ibufu'  ill.-  -jfii  di^rKneet  hli  Ap  fi;r»^t/*i(.'«'ih»!racl  lh«-  fir«f  .if  n  t-m  fnnii  tb«*  M^tJnd,  nutinc 
u  in  ^li-f^n  H'xl  iuli  Ibe  mrmi-  der  thf  nrxh  b.  Enter  Table  XLV.  wltbthu  arrb  at  the  top.  aad  li* 
time  r  Ml  Uie  sidr  xsMc  chtt  the  rorri-iipnoiliiij:  x:<irrertion  whleh  b  lo  he  incrraned  by  oor  %txih  part 
^  the  arrli  wiihuoi  not  of^  the  nip»  To  (be  quao'ity  thus  foand  ia  to  he  prefixed  n  «i(rn  i»fftrtmi 
jywntkmi  of  tke  imk  and  tbea  it  i»  to  be  apfiUed  to  die  arch  M  with  iu  net>  tM  obuin  itu-  irue  — 
SklShnm  Tloslnihrabd>»f«ftiafl>thiirwBwM  ^i^wiof  l—fitt4»sw4-J^r  -♦•4  «r' 
trectbiy  the toiaer  flwm rb»  am», ^Si*»s m»  iMrdlliweBeg  nr awh >«=  — ty.  Cm i ispaei  _ 
ihis^nd  tte  tiate  T  8h.  48"  29 '  in  Ttihle  XLV.  is  I  '.H  wbirb  tacreaKd  t>y  one  tixfb  oTtasfJiiWll 
Srtuffht  correction  4"  I  or  4".  to  wbicb  it>o«  be  urefixcd  the  flRn  +  (l»ecMU*«  the  of  ft  la  sSf"*^ 
ijiiiMii(j  it  -f-  4  '.  This  eonn<»cie<l  with  the  arch  M  ~  +  '0'  :J0"  Rivo*  the  iruf  luf.tKin  Is  W ' 
'  '  to  iA  whence  the  bomrj  motion  \%  aS'  62".  In  a  limilar  mnnner,  it  the  third  UifferencfS  •«»  ■* ^ 
In  the  aliove  cxanmie  for  fimiioi;  the  borury  motion  in  latitude,  the  tw  a  iiftmueeMmn  — 24  '  mwA 

r  49"  Uie  aicli  *  =:  -f-  S5"  iLe  correctisa  ot  lh«  nioiioe  in  I J  buunt  —  3C'  to  — 10  '  nalonf  x\  — 
2B  4r'  or  r  a"«f  imr  hoar. 
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EXAMPI.E  III. 
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fteqaimi  the  looUoa  of  Uie  moon  io  rigUi  atceoiiun  in  13  txmrH  s&i>po»ing  ii  to  iocrea«e  uoiroraly 
w|tli  tiw  nMky  k  M  J•|gr«ll^  laoi,  at  Hb.  ST  spp.  dm  ai  Grtwwie^^  ««  ^ 
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4,0000 
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F.L. 
P.t. 
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.  .   lal8kiT86  88ora0'JI".li9tiM 

Inlklltiuiptolbsflb.flB'MMidieaKirox.  mmion  n  the  half  Mim  of  9*  89^  aad  7*  sy. 

RKMARKS. 

'  1.   When  it  is  required  to  &nd  tbo  motion  of  the  moon  in  any  given  interval  of  tiuc^ 
Ck9  modm  te  19  hoovi  mtttt  be  found  fi>r  the  middle  of  that  interval. 

2.  In  calculatii^  an  occultation  of  n  <<tnr  by  the  moon,  the  relative  horary  motion  in 
longitude  is  the  same  as  the  horary  motion  of  the  raoon,  because  the  star  is. at  rest ;  but 
■ill  calculating  a  solar  eclipse,  the  sun's  hoi-ary  motion  must  be  found  in  page  HI,  of  the 
Mautkai  Almanac,  and  subtracted  from  the  moon's  horary  motion  in  lonji^itude,  tbe  n* 
Tnaindei*  will  be  the  horary  motim  of  the  moon  from  tht  fwi  in  lon<^tn(le.  i  has  oil  tka 
l6th  of  June,  ld06,  the  sun's  horan'  motion  was  2'  i'S'.lf  which  subtracted  from  tim 

•taary  motions  f^d  in  Example  IL  '39^.9  and  36^.  48^.8  . leaves  the  eorresponding 
korary  motions  of  the  moon  from  the  sun  in  longihuk-  ^l'  lb". I  and  "T  1')'  .7. 

As  the  8ui\  haii  no  veusible  motion  in  latitude^  the  relative  horary  motion  of  the 
moon  from  thiu  sun  in  latitude,  in  the  same  as  tlui  true  horary  motion  of  the  moon  iu 
iiHtude. 

3.  The  horan-  motion  of  a  planet  may  be  found  in  a  similar  manner,  making  »i«c 
of  the  arches  A.  fi.  T.  found  as  in  Remark  2,  Problem  I.  Thus  if  the  horary  motion 
of  Jupiter  M  leqalreMi^  M,  18Qe»  at  13h:  S(/p  the  arch  B?:  —t  Ts3b.  T  atT, 

and  the  approximate  motion  in  the  interval  6  days  is  the  half  sum  of  the  two  fir.-st 


diflerenecs— 3' and— 11',  namely— 7' 0".  The  cor- 
rection  fouml  as  in  the  adjoining  calculation  is-—!' 
4*)",  henee  ttie  motion  in  6  days  is — S'  49",  iv  hence 
the  horary  motion  is — :i'^,f>7.  The  negative  sipi  in- 
dicates that  tbe  motiou  is  retrograde,  or  contrary'  to 
-tne  ovdmr  of  the  signs :  in  this  case  t^e  relative  mo- 
tion of  the  moon  from  the  planet  in  longitude  wopid 
Jtc  found  by  adding  their  horaiy  motions,  because  the 


Ii=— r 

iTa46  SS 
« 

Coir.  —  1  49 
Ap.  mo.  —  70 


F.  L. 
P.  L. 


1.410J 

ri8i-i 


P.  L.  .1.9946 


Motion  —  8  49  in  six  days. 
OMklign  oTthe  moon  is  alwa^rs  dii9et  Similar  nmarks  may  be  made  in  jinding  the  ho« 
laij  motioii4>f  the  mooD  finmi  tha  plaiet  in  latitiNle. 

PROBLBM  Ilf. 

T*  jiad  the  Hau  o/  Uu  td^iit  cuiimictimi  or  opposition  ^ Iki  wMt  with  the      «  pUeaei^ 

or  a  fixed  sUir^       '         ,  »  ' '  '* 

The  tiase'of  fha  eeHptle  eoi|}anction  or  the  sun  and  moon'ls  tte  same  asm^dme  df 

new  moon  givtn  for  the  meridian  of  (ireenwich  in  the  first  page  of  the  month  of  ihr. 
jNau^icai  Almanac.  Thus  in  Januanr  160S,  tbe  ecliptic  conyuoction  is  on  the  27th  day 
at  4h.  9^  apparent  tfane  at  Gteenwfeh. «  llie  iimes  of  tiie'  edlptle  coi^unction  of  the 
moon  and  those  Axed  stars  with  which  there  may  be  an  occultation,  are  also  given  in  the 
same  page,  being  marked  with  Bayer's  ehararters  of  rcfefriire.  The  time  of  conjunf- 
tion  is  placed  tirst,  then  the  characters  of  the  muun  and  stir,,  or  moon  and  planet. 
Thus  in  1808,  December  Ifld.-  17h.  W  Jt  air\,  signifies  that  on  tbe  I2th  day  of  Decem- 
ber at  17h.  33'  apparent  time  at  Greenwich,  the  moon  uas  in  ecliptic  conjunction  with 
the  star  Spiea,  whose  character  is  a  HI,  and  that  there  might  be  an  occultation  of  thfit 
9^,  Also,  Dedsmber  Ii,  IM,  5h.  58^  D  ^  signiHes  that  at  that  moment  apparent 
time  at  Greenwich,  the  moon  and  Saturn  were  in  ecliptio  conjunction,  and  there  might 
be  an  occultation  of  that  planet.  These  times  being  reckoned  according  to  astronomical 
computation,  and  iu  calculating  them,  no  attention  i^  paid  to  the  parallaxes.  The  time 
of  the  ecliptic  9|iyo9itiori  of  tbe  sun  and  moon  is  tbe  same  as  at  the  time  of  full  moon 
r'dhren  in  the  same  page  of  the  Nautical  Almanac.  Tkn  the  fall  OMHMI  er  ediptic  oppo- 
eitfoo  in  May,  1808, -was  9d.  a9li.  39^  at  GKenwirb. 
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The  time  of  the  ecliptic  conjiioction,  a«  Riven  in  the  Nautical  Almanar/it  e^aJj^  coni* 
puled  from  the  geix  entric  lontjitudes  of  the  objects  ;  and  as  it  may  MMitfiMf  W  l»- 
qufavd  to  MeoBO,  the  rale  ia  iiere  inserted,  adapted  to  the  raknilatliMi'ltf  the  ccngtmction 
of  the  SUB  and  mora,  nhieb,  wiUi  a  bUi^  modifieatkMi,  will  aoaww  wuj  of  tkm 
plaoets. 

SfJLE.  * 

Take  from  the  Nautical  Almanac  the  two  lonoiitudcs  of  the  snn  nnJ  moon  at  the  noon 
and  midnight*  preceding  the  time  of  the  coi\)uiictiun,  and  the  two  immediately  folkrw- 
ing.  Subtract  the  lo^igitud^s  of  the  sun  from  those  of  Uic  moon,  noting  tbe  sigM  aafB 
algebra^  tJie  remainders  Hill  represent  the  dtslanees  of  the  sun  from  the  moon  on  the 
ecliptic.  Subtract  each  of  these  from  the  fallowing  to  obtain  the  first  differetict*,  and 
can  the  middle  term  the  arch  A,  subtract  each  of  these  dilierences  firom  the  foUowiog 
for  the  ««on<^  dtiffertnctsy  and  take  their  liairfldai  or  sMa^fortlie  odiB,  votinK  lha  aifBO 
•s  in  n!;;ebra. 

To  the  consunt  logarithm  4.63i>48  add  the  arithmetical  complement  of  the  hog.  oi 
the  arcl)^A  in  seconds,  aud  the  log.  of  the  second  of  the  above  iovnd  distancae  ia  ao> 
conds,  th'e  sum,  rejecting  10  ia  theindesi  will  be  tiM  logaiUba  of  the1i|i|wailwaH  vafew 

of  T  in  sounds. 

With  this  time  T  at  the  side  uf  Table  XLV.  and  the  arch  B  at  the  top,  find  the  equa- 
tion of  aeeond  diflerenoea,  th^  logarltbai  of  addch  added  to  the  two  firrt  logarittuaa  oeed 

in  finding  I',  will,  in  rejecting  10  in  thr  index,  ^»e  the  lojjarithm  of  the  conrtction  of 
the  approximate  time  T  in  seconds,  to  be  appHed  to  it  with  the  svne  s^g%  mt  the  ardb  Mf 
and  the  apparent  tioie  of  the  coigunction  at  Greenwich,  counted  firom  the  second  WMMa 
or  midnigbtr  taken  fram  ttw  NaaOcal  \lmanac,  wM  bo  obtained.  From  which  the  time 
of  conjunction  under  nny  other  mrridian  may  be  eairi^  olMliDadybf  adding  tO  iltboiOBi* 
gitude  in  time  when  eaif,  or  subtractiug  when  toest.  • 

BuuMi  I.  When  the  time  of  the  ecHptlb  eonJanetioQ  of  Ibe  moon  and  a  fdoMt  ia 
lemdred}  the  longitude.^  of  the  phinet  must  be  found  by  Problem  I.  for  the  noon  and 
midBight  immediately  preceding,  and  those  immediately  following  the  time  of  the  con* 
junction,  and  these  are  to  be  used  in  the  above  note  instead  of  the  sun's  loi^imdan. 
If  the  ecliptic  (  injunction  of  the  mpon  with  a  filed  ftar  b  required^  Its  longitude  maiC 
be  fonndin  Table  XXXVll.  and  corrected  for  the  cqrtntion  of  the  equhtoxes  and  abrrrs- 
lion  by  Tables  XL.  XIA.  as  shown  in  the  explanation  of  those  Tal^.  This  longitude 
SB  to  bo  oeed  iMtead  of  Ibe  son's,  in  thedwre  rniek 

Rtniark  H.    By  the  same  rule,  the  time,  when  the  moon  is  at  any  distance  firom  the 
sun,  may  be  found,  by  incrca<<iMg  the  sun's  longitudes  given  inthe  N.  A.  by  the  foaatily 
the  moon  b  supposed  to  be  dii<titnt  from  the  sun,  counted  accordit^  to  the  order  of  tte  ^ 
mgna.   Then  supposing  a  fidtUnu  sun  to  more  so  as  to  hare  these  increased  tongitudee 
nt  the  corrr'?;pnndin^'  times,  and  finding  by  t?ir  above  rule  the  time  of  conjunction  of  the 
moon  with  this  JicUous  sun,  which  Will  be  the  souzht  time  when  the  moon  is  at  the  pro> 
poeed  distance  Rom  the  son.  Tbns,  to  And  flie  one  of  tfw  first,- aeeond,  er  ^M»- 
trr  of  the  moon,  the  sun's  lons^itudes  must  be  increased  3,  6,  or  9  signs  respectirdy 
(rejecting  as  usuai'l 2  signs  when  the  sun  exceeds  that  quantity.)    Thus  if  tbe  first 
quarter  of  the  moon  which  happened  after  midnight,  July  29,  1808,  was  required.  Tbe 
sun's  longitudes  increased  by  3  signs  give  the  lon<;itudes  of  tbe  fictions  sun  July  !i9d.  Oh : 
29d.  12h ;  30d.  Oh  ;  and  30d.  12h.  r^spectiTcly,  7s.  6^  5'  44",  7s.  6^  34' 26",  7a.  T^S'  9% 
and  78.  7"^  3l'  51".    The  longitudes  of  the  moon  cotresponding  arc  be.  23^  49*  19^, 
7a.0P5yS4V7s.7Osr30^,  tndTs.lSCO'fir.  Henee  tbeUme  of  fboemdnncliamor 
the  moon  with  the  jUrftotu  sun  found  by  the  above  nile,  was  July  29d,  22h.  21  at  Grern- 
wich,  which  is  the  tipie  of  the  first  quarter  required.  In  a  simit.u  manner,  by  increasin|; 
•the  loiusitudea  of  a  planet  or  a  star,  the  time  may  be  found  when  the  moon  is.at  aaj  pro* 
posed  ostanee  from  it 

EXAMPLE. 

Krquirf  d  thr  time  of  the  ecliptic  conjunction  of  the  sun  and  moon,  in  Jan.  iSOd? 


J  '*yi,  Jan.    I     i>  Lon^r.     0  Loiiyr.  Di-tanfs. 

2fi<l.  12h.  9  27  3fi     — 10  S  :<l  ■:■<    — -:     0  40 

27     0  1 10    4  2.7   2— I'M"  27        —2     2  54 

27    12  (10  10  to  3—10  6  M  2&I  44  61  97 

ho  IT  II   


lit  dir. 


»• 


-f  5    57  46 


2d.  liiiT. 


St    0         |I0  IT  11  41^  f  SS  W  40  42  41/ 

Constant  4.63548  .»  •  4.9S&4I 

A        5«  64  31  =  S1Z7I  iof.co  v.     ^.enti   •  

sdis.    2  S54t=  fR4         io|.  ajtsm  Tab^  XLV,  Cor.  a '4  lag. 

T       mmr  ss  4k  sr  k" 

^Semdioa  —45 


Conjunction  4  8  51  past  noon  .|an.  87,  at  Greenwich^  apparent  time,  vhieh 
agrees  uemtj  wkb  4h.  ^  matbod  in  the  Nantical  Ahnanac  Tli  time  of  cjrjanc* 
*"*  ITieswa^leefHnmatBrtda^mistlwewsaoftheleBgHiMfcsoni  ~ 
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lion  under  any  other  meridian,  a«  for  ezanqple  3(H  W.  it  found  bj  subtracting  the  loii|K> 
tude  9h.  from  4b.  »  SI",  which  Ittacna  8b.  8^  51^  Oe  longitude  had  been  3(PB. 
the  time  of  conjunction  would  have  been  6h.  8'  51". 

The  usual  method  of  caiculatinp;  the  parallaxes  in  eclipses  of  the  sun  or  occultattona, 
u  that  by  the  nonagesUnal  or  ninetieth  d^reie  of  the  ecliptic  above  the  hcnrizon.  8ere« 
nl  DMtliMb  teve  been  proposed  for  ealeiMVliiiK  tbo 

which  are  required  at  each  of  the  phases.  The  following,  wliich  is  an  improvement  on 
lli«t  given  in  La  Landers  Aatronomjr,  seems  well  adapted  to  the  purpose,  since  several 
of  tbe  logariClmit  are  tiie  same  at  eaeh  of  the  pluses,  which  mnni  abridges  dM  tfaknte* 
llan,  and  on  this  account  it  admits  of  considereUe  simplification^  by  a  table  Uke  Hmt  on 
fOge  578.  The  method  of  making  thrse  calculationn  will  first  be  giran  at  ftdl  kflgthi 
and  then  in  the  abridged  form,  by  means  of  tbe  proposed  table.  # 

PROBLEM  IV, 

Given  the  apparent  time  at  the  place  of  observation  tcnnile.t]  from  noon  to  imon,  uccoriRng 
to  the  manner  ^  tMrmmeri,  the  sun\<t  right  ojcension,  and  the  lalituiU  the  places  re- 
Aee^9m  mmmt  «f  Me tpkmUUd  figure  of  the  mtk,  by  nMrmOSng  fka  ndueUm  of 

RULB  NOT  ABMDOBD. 

Add  6  hours  to  the  sum  of  the  sun's  right  ascension  and  the  apparent  time  of  observa- 
tion, and  call  the  sum  the  time  T,  rejecting  24  hours  when  it  exceeds  that  quantity, 
fiaak  IjNrlMsliBM  in  the  aaioM  oTbow  ef^Mle  UVH.  fl 

to  be  increased  by  12  hours,  as  in  the  astronomical  computation.  The  corresponding 
^^^^HA^^e^bj^ag  found,  is  to  be  marked  in  the  first  and  second  columns,  as  in  tbe 

If  the  reduoadlatMudc  is  north,  subtract  it  from  90^ ;  if  tmik,  ndd  it  to  9(P,  the 
sum  or  difference  will  be  the  polar  distance!  Take  half  of  this,  and  half  the  obli- 
quity of  the  ecliptic,  ancl  find  their  difference  and  Jtim.  Place  the  1^.  co-sine  of  the 
iSmmm  in  ffca  irst  cohwsn,  its  log.  sine  in  Um  aaepnd  column:  l%e  log.  secant  ef 
tbe  sum  in  the  tol  eolBwnt  to  log.  CO  secant,  in  the  aecondcoluBUi,  and  its  l<»g.  tangant 
in  the  third.    '  *  * 

Tile  earn  of  tke  logaritlltts  in  tlie  Urst  eohonn,  rejecting  90  in  tlie  lodes,  will  be  tlie 
log.  tangent  of  the  arch  G.  The  sum  of  these  in  the  second  column,  rejecting  20  in 
the  index,  will  be  the  lo^.  tangent  of  the  arch  F.  Tl»esc  arches  btinf;  less  thnn  90  ' 
when  the  time  T  is  found  in  the  colunm  A.  M.  otherwise  greater.  T\i\»  rule  is  general 
•neat  in  places  situated  n^in  'the  polalr  circles.  Within  the  north  polar  circle  the 
sapplement  of  F  to  360-  instead  of  F,  mt^t  he  taken ,  within  the  smith  polar  circle  tbe 
si4>plement  of  G  to  180"^  must'  be  taken  instead  of  G,  the  other  terms  remaining  nn-* 
mnL  InaHeaseetiieloBgitodeeftbenonagesiBiaiisequdtotiiesimioftliearehea 
F,  G  thus  found,  nnd  90^.    Rejecting  360^  when  the  sum  exceeds  that  quantity. 

Place  in  the  third  column  the  tog.  co-sine  of  G,  ana  the  log.  secant  of  F,  the  sum  of 
the  three  logarithms  of  this  coiumh,  reacting  20  in  the  Midcx,  will  be  tbe  \og.  tangent  of 
Irair  tteoWtuda  ofthe  NoMfesaaaL 

EXAMPLE. 

Reouircd  the  altitude  and  longitude  of  the  Nonagcsimal  at  Salem,  in  the  reduced 
latitade4|P9Sr4"N.  June  15,  1806,  at  22h.  6'  18".  l  appaitent  time  1^  astmomical 
computation,  when  by  the  Nautical  Almanac  the  son's  right  ascension  was  5h.  36^  50*. 
and  tin  obliqoihr  of  the  ecUptic  S3-  27'  48^'. 

The  som  of  the  apparent  time,  snn^  right  aseemion  and  6  hours,  rejecting  84  honrv, 
is  9h.  43'  8^.1=T.  The  pohir  distance  is  47°  Sr  66^/iti  half  is  23<^  48^  58",  and  tlin 
half  obliquity  11^  43'  r>4",  hence  their  diffecenee  Is  iy>  6^  4\  their  sum  35^  SSf  52''. 
•  The  rest  of  the  calculation  m  as  follows :  • ' 


Ool.  1. 

Diff.        12"  5'  4"  co-sioe 


Mmm        teas  48  sec 

T.  *.4rr'j  p.a.coi. 
r.  nis  «  91 

90 


9.99027 
104)8857 


Ttti.  9J8aiO 


Col.  2. 


SilM! 

Co  sscast 


rnsb 


9.32088 


64IIU  63   22  81  rejecting  afcO^,  is  lonj^itudc  Nonages. 


G. 
V. 


<^>I.  3. 

Taonot  9.86IOa, 
CtHshe  a993l5 


99  »  m 


The  two  upper  logarithms  of  the  first  and  second  cohlmns,  and  the  upper  logarithm 
of  ihe  ihinl  coiiunoi  >'ary  but  little  in  seKral  ccutunes  j  and  as  these  numbers  Ofcat 
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twice  ill  calculating  a  partial  eclipse  or  occultation,  and  four  tunes  in  a  totd,  or  annular 
pclipM  or  transit,  it  w9l  tend  considerably  to  abridge  the  calculations,  to  hare  a  tabic 
like, the  following,  containing  their  ralue^  fur  viirioiis  placen,  for  the  obliquity  23^  27'  40", 
with  the  variatioiif  for  an  increaae  of  lOa"  in  the  latitude  or  obliquity.  The  logarithms 
A,     C,  of  dw  table,  were  ealeulated  in  this  following  manner* 

In  north  latitudes  subtract  the  reduced  latitude  from  90^,  in  $milh  latitudes  nd<1  the 
reduced  btitudc  to  9(F,  Ihc  sum  or  difTfrence  will  be  the  polar  distance ;  take  half 
of  thi.s  auU  buir  of  the  obliquity  of  the  ecliptic  11^4^  50",  and  And  the  turn  and 
difference.    Then  ^ 
Log.  A  is  equal  to  the  to^.  co-sine  of  the  iifftrmu  added  to  the  lag,  eeeaat  ef  th» 

nan^  r^ctii^  3(1  in  Uie  index. 
Ceg.  C  le  eqneifb  the  leg.  tangent  of  ^  eom. 

Log.  B  if  e4">^  to  tbe  leg.  tangent  of  HwdifliHreiiee,  inenaafaig  tha  iadex  fcf  iO^  Itm 

\Jie  log.  C. 

Thus  for  Salem  in  the  reduced  latitude  4^^  32  4  ",  the  half  polv  dietlMioe  ia  33^48' SST, 
tho bdf  oblhiiii^ ll<i 43* fiir, fbc>ir«r«we 


Difference  ...189   5'  8" 

Sum;  39  3t  4B 


Co-sine  9.99037 
Secant  10.08956 


Sam  A   0.079S3 


Tai».4-10s] 9.3306^ 
Teng.»G=9:8S40i 

'Di£....B  9.47663 


In  this  way  the  logarithms  may  be  found  for  places  not  ineiudqd  in  the  table.  The 
changes  for  an  increase  of  100"  In  the  latitude  or  obliquity,  are  found  bjr  rcpeSiting  the 
pperation  with  these  increased  values,  and  ascertaining  the  corresponding  changes  ia 
the  values  of  A,  B,  C.  These  logarithms  are  given  to  six  places  of  figurea, 
pcneml  five  will  be  quite  .sufHcicdt,  since  the  latitude  and  longitude  of  the*** 
are  rarely  required  to  a  greater  degree  of  accura<;>  than  10".  ^ 


Places.- 


AltMuiy 
UrrlTn 

Cambridgr,  E. 
QantM-idgc,  A. 
DubliD  Ita. 
Bdl 


Leon  T.  dbt, 

London 
Sairhcr 
<  )xf«»rd  obc 
Part* 

PiiiUdelpbln 
:Richiiiood  obs.  • 

'PtMoPrakim 


«  27  » 

32  20  'J« 

hi  I  2Z 

42  12 


Reduced 
Lntitade 


&3  12 
4B 


J  V«r  A. 
+100  . 


T 


D 


Lnt.  Obi. 


IT 
8 

U  Sll 


51 

t»  16 

51 
SI 

bX  34  2K 

48  38  51 

39  45  •  41 

b\  IC  fi*'. 

13  24 

43  32 


It 

1 9  2.'* 
17  m 


32 

at 


OOTl^^O 
0  .06 1  WW' 
0.062  JGfi 

ooaoiM) 
o.ceooao 


0.190000 
0.0«OI6S 

a084648 

0.091 6flO 
0.063106 
O.lOlWS 

0.062i<63 

o.(k;r207 

0.084829 
0.063482 
0.0778tie 
0.0798S2 
0J9NM 


6.3  97 

4H  75 

49  7« 

52  97 

48  73 
47  67 
40  77 
64  I4« 

52  98 
54  104 
Ji5  112 

49  77 
•S3  125 

50  77 
50  CI 

53  10  J 
49  7K 

52  08 

eo!  xtn 


9.475733 
0.324135 
9.3^^054 
9.478383 
9.S04I<% 
a.W40t 

aa4eso6 

9  4784.V5 
9.50  V042 
9-.52r»'j»0 
9.315714 
9..%15H»! 
t.S4058ti 
9.3944  f  3 
9601372 
a3^657H 
9.4t>W30 
9  476037 


V-r.  B 

+100  . 


Ui  lOtil. 


293  7S»  9.P533?t. 
61»ll099'  9  771197 


fiOO.tOflO 


38« 


eTOlItt 


878 


733 


1376 


6G2 1038 
86  516 
289  733 

249j  r.3F' 

isyi^  t  34 

5»i4|l04<N 
152i  577; 
57(m  10541 
45^1  SIR' 
248i  f  37 
562*1038; 
312 


9.775S5J5* 
&tU»5 

a 

9LTII01I 
9 

10.0(0045^ 
P  655411 

;V8740fV5 

P.T7^4i 
9.940447 

9.777  IXX) 
9.8021^27 
9.J^473r| 
9.78UaOti 
9.84564K, 

l0iB7l83^ 


233  23^! 
219^  21  •  » 

238*  sr! 

224;  2-4 
222  221-1 


311^21 


These  logeiithne  are  celeoteted  for  the  obliquity  23°  9gV  ¥f*,  Tbo  cokmne  nfifced 

l.at.  represent  the  vartations  of  A,  B,  C,  for  an  inerease  of  100"  in  the  reduced  laL 
The  column  Ohl.  represents  the  variations  of  .\,  B,  (\  for  an  increase  of  100"  in  the 
obliquity  of  the  ecliptic.  The  signs  must  be  changed  if  the  latitude  or  obliquity  is  kss 
than  thot  mod  in  ^ii*Hiat8n#  Hm  table.  • 

EXAMPLE. 

Bequired  the  Tahwe  of  A,  B,  C,  for  Salem,  wheft  the  obliquity  ii  fSP  ST  48*7 
Tdrntamaniben  0.079832  9.476637  9.854016 

Var.  for  +  8"  Ohl  +8  —   58  +  I^J 

IScught  values  A-sO.Or!is40  B=9. 176579     .  C=:iSy034 
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TO  KIND  TiUS  ALTlTLUi:  AiNl*  LUNGITUJUK  OF  TUJfi  NO.NAtJKSUlAC.  5tJV 


Mridgti  melM     adadnting  th$  aUUutle  ami  UmgUude  ^  lAc  Minnffiiiwuf,  Ay  1^. 

precedtv<j;  Table. 

Add  together  the  suu's  rigbt  a^ccasiou,  the  apparent  time  at  the  place  of  observation, 
(counted  ftom  noon  to  noon)  and  6  hours,  the  sum,  rejecting  M  or  48  houfs  if  greater 
than  those  qmuitities,  is  to  be  called  the  time  T  ;  this  i^  to  !u-  sought  for  in  the  column 
of  hours  of  fable  XXVll.  suppoaing  the  colutzin  marked  A.  M.  to  be  increased  12  houn«, 

in  the  estrononucal  comp vtstion. *  The  eorresipoiidiiig  lug.  co-tangent,  added  to  the 
log.  A  of  the  Table,  gi\  ca  the  log.  tangent  of  the  arch  U  ;  ihh  added  to  the  log.  B  of  the 
Table,  rejecting  10  lu  the  ind«'x,  will  be  the  log-tangent  of  t!ie  areh  F ;  these  arches  hcr 
iog  Uss  than  9U  when  T  is  found  in  the  column  A.  M.  otUerwue  greater,^  [This  rule 
ie  general,  except  in  places  situated  within  the  polar  circles,  which  is  a  eaee  that  very 
rarely  occura.  Within  tke  uor<A  polar  circle,  the  supplement  of  F  to  .W  ,  is  to  be  used 
inntcad  of  F  ;  within  the  south  polar  circle,  the  supplenjcnt  of  G  to  IHO-",  is  to  be  taken 
instead  of  O,  the  other  terms  remaining  unaltered. J  Then  Uic  longitude  qf  the  Ji'onago- 
rimal  is  e<|ual  to  the  sum  uf  the  arcliet  F,  6,  and'  9<F,  neglecting  as  usual  360^.  wh9 
the  sum  exceeds  that  quantity. 

To  the  tabular  leg.  C,  add  the  log.  co-sine  of  the  arch  G,  and  the  log.  secant  of  the 
arch  F,  the  sum,  rejectidg  SO  in  the  indes,  wlU  be  the  log-tangent  of  nlf  IIm  aUitiri^ 
of  the  NonagesimaLI 

EXAMPLE  I. 

Required  tte  altitudes  and  longitudes  of  the  Nonagesimal  at  Salem,  June  16, 1806,.si( 
the  tines  <^  the  beginning  and  end  of  the  eclipse,  cakulated  in  Problem  Vl.  7 


h. 


5 

as  50.0 

e  18.1 

6 

T  .» 

« 

B  178 

AO  31 

C3 

2j  31^ 

049934 


T   IS  ST       Co-tta.  a.9MI0 


eo«46« 


67MW 


o  tLtsma 

See  10.00268 
Ikn.  9.(t28S3 


5  37  18.5  (7)  R.  A.srensiga 
0  M  Si£  AttMreoi  liroc 
0  A   


4*  11'  IS"  l^a. 
BO  B 

I  15  S8  Tw. 


10.0i)OID 


Aliilude 
EXAMPLE  II. 


1)5  2<:  38^  los.  M.8»Stas  Ttm, 


Required  the  altitudes  and  longitudes  of  the  Nonagesimal  at  the  times  and  fitafi^ 
mentioned  In  (be  Example  of  Problem  VIL? 
DnnisrsioR* 


17  20  59  0R.Aseseilaa 
16  67  28  ApmsMMtlnM 
6  A  O.I374t 


G 


10  lase    CMuL  9J009t 


40"  18'  7" 
80 


II   tt  «I4I 


149  iSWsloo. 


17   21  12.5  0R.. 
It '10  29  Afwsieot  lisM 
•  A  ai8T49 


9  8823S 

lOiosTia 


iOX}24»s  F  S5  38  40    Tan.  aesisi 


ft9»74 


17  81  41.S  oo*taii.  9am 


49»  40'  18" 
80 


Tan. 
B 


1007310 
9  60761 


105  SS 


H. »  IT  80 


Altltnd^  N'r»in;^5         81  17  33  \UiiuiK  Kunn^"!      74  35  18 

In  the*e  calculatinns  it  is  usual  to  take  Hif  sun's  rip;ht  ascension,  and  the  apparent 
times,  to  tenths  of  a  seeond,  and  to  take  proportional  parts  for  the  seconds  and  tenths  in 
finding  the  logarithms.  Thus  In  Example  I.  in  finding  the  log.  eo.  tang,  of  9b.  49  8^.1 1 
the  nearest  logarithms  arc  9. 1SS19,  9.  ISSOl,  corresponding  to  the  9b.  43' 4",  and  9h. 
'13'  12".  These  logarithms  differ  IT),  the  times  8",  and  the  litTerence  between  9h.  43' 
and  9h.  43'  8".l,  is  4". I.  Hence  a"  :  45  ::  4".l  :  2:i  the  correction  to  be  subtract ;>4 
ftom  the  first  log.  9.4S849,  (because  it  is  decieaaiog)  to  obtain  the  sought  log.  eo-taqg: 
9.48826. 


•  ThiHir  iheiliiieTU8houn,JlnMtlwealleil5b.  P.M.  irTUi4  iiours.  it  musi  he  called  3ii.  A  M. 
In  maUiif  use  of  aeommon  lalile  ni  logarttboM,  jroe  muit  tarn  tbr  dmr  T  InlJ  <legrecs,  sad  aMhe  ais4f 

.  lbs  loar-  c»4aaK«t)(  uf  Us  hair. 

t  Tb«  arches  K,  O,  art>  nadt  wbrn  th#  time  T  It  foanil  in  thr  cnliimn  K  M.  olh»i  wlw  •Miuc  Thb  b 
r^silv  rein«'mb«Tfd  from  iherircunvunce  iliat  a  '\s  \hf  first  \<  ne\  ni  'i.  u^  and  A  M>   Beoie  WfiHfS  havo 

nut  taken  nolir<»  oI^Ih'  cups  of  lli.  valu»'<.  of  f".  G.  within       |x>l:ir  oircl»-t. 

\  Striclv  *(>ealtiaLr.  ilif  .(iinniity  (hu»  oht  li  ipfl  i"  ilie  ili>Mn(  «•  t>«-'w»"»>n  the  north  |)ol«*  o(       relipiic  aftd  , 
the  iPiiiih  of  'he  |»1h<  ■•.  a  hi>-li.  Id  «.outli»Tn  l.ilitudet.  aiifl  Iw;  wt-t-n  th*"  irontm.  is  (requr-itly  tin-  supple-mont 
of  the  aUiludi*  ul  the  .Vi)iM;;eMrual.    Tbf  4  ove  foi  in  is  mad-- use  of  to  Amplify  ibr  rulf*  for  ajjpl*  inp  lije 

Bedkuas.  It  i»  iiOixul«riai  whether  the  altitude  oi  the  .\unaftfijDal>  or  its  MppleaMOt,  b  toads  we  of 
TkbieZUV. 
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580  TO  FIKD  TUS  ALTITIIDX  AND  LONOITUDK  OP  THM  NOIf  AGBSllf  AL. 

PROBLEM  V. 

Cirni  the  rJHtude  and  Inu;:;itudcof  the  .'S'onagfsiinn! ;  the  lotif^liide,  laliivde  and  horizon- 
tal  parallax  of  the  nwony  and  Uu  latitude  <ff  the  place  observation,  to  ^nd  Ike  ntin's 
paritUax  in  UUitude  mid  UngUndi, 

RULE  BV  COMMON  LOGARITHMS. 

From  the  horizontal  parallax  of  the  moon,  subtract  its  correction  from  Tabid 
XXXVIII.  corrchponding  to  ihc  latitude  of  the  place,  the  remainder,  in  occuh&tions 
of  a  find  star,  will  be  (he  reduced  paraUaz;  but  in  solar  eclipses  this  quantitj  iato 
be  tUiniiii^lK  (1  by  the  -^un's  horizontal  parallax,  8".  8*  to  obtain  the  reductd  parfdiax. 
'  To  tho  iugvxithm  of  the  reduced  parallax  ia  aeconda,  add  the  loe.  sine  of  the  alti- 
tude of  the  NoiMgestmal,  lad  the  log.  saenit  of  the  noon^  fnie  Intitndet,  the  nun, 
M^lecting  20  in  the  index*  will  be  a  constant  log.  From  the  moon's  true  longitude, f 
increased  by  3f>()  if  necessary,  subtract  the  longitude  of  the  Nona^simal,  the  remain- 
der will  be  the  ttwon'a  distance  from  the  Js'oyiagesiinai^  which  if  less  than  180^  is  to  be 
called  the  efch  D,  otherwiae  its  aopiiiemeQt  to  UtP  ia  to  be  celled  the  arch  D.  To  the 
roiistant  logarithm,  add  the  log.  sine  of  D,  the  sum,  rejecting  10  in  the  index,  will  bo 
the  l(M;arithm  of  the  approximtUe  parallax  in  longitude  in  aeconda,  which  add  to  the 
ereb  D,  then  take  the  log-sine  of  the  anm,  end  add  it  to  tte  eooatiiit  legaiWim,  rtjeet- 
ing  10  ia  the  index,  and  the  logarithm  of  the  corrected  pereUaz  will  be  obtaiMd.  TUi 
wUl  in  general  be  sufficiently  exact,  but  when  ^^at  accuracy  is  required,  the  operation 
may  be  again  repeated,  by  adding  the  arch  D  to  the  corrected  parallax  j§  then  to  the  t<^. 
sine  of  the  nun  ttdd  theeonstant  logarithm,  rejecting  10  in  the  index,  end  the  leniilhin 
of  the  parallax  in  longitude  P  will  be  obtained.  This  is  to  be  added  to  the  tnie  lonptude 
of  the  moon  when  her  distance  from  the  fionageainud  ia  Uu  than  180^,  otherwise  mh" 
traded  to  obtain  her  appansfd  longitude. 

ICtlie  true  latitude  of  the  moon  is  muIA,  prefix  tho  lign  +  to  it,  if  nerfh  fte  sign  — . 
Then  to  tho  logarithm  of  the  reduced  parallax  in  seconds,  add  the  log.  co-«ine  of  the 
altitude  of  the  Nonagesimai,  and  the  log.  .co-dine  of  the  moon's  apparent  iatitode,)}  the 
enb,  fejeciiog  90  in  the  index,  will  be  tte  logeritha  of  the  /ir»(  pert  of  tlM  perdkoi  la 
htitridc  in  soLonds,  to  which  prefix  the  sign  4-  when  the  altitude  of  the  Nonagcsimal  is 
Icds  than  90-^,  othcnvise  the  sign  — ,  this  added  to  the  true  latitude  of  the  oooo,  dot 
regard  being  had  to  the  signs,  will  give  her  opproxtmaie  latitude. 

To  the  logarithm  of  the  reduced  perallax  in  aeeonde  edd  the  log.  sine  of  the  altitude 
of  the  Nonagcsimal,  tlie  log.  sine  of  the  moon's  approximate  latitude,  and  the  log.  co- 
sine of  the  sum  of  the  arches  D  and  ^  P,  the  sum,  ruecting  30  in  the  index,  will  be  the 
Iqgerithm  of  the  teeond  part  of  the  peraOix  in  latitade  in  eeeonda,  to  whidi  preflz  tke 
nfft  —  when  the  arches  D  -f-  d  P,  and  the  approximate  polar  distance!  are  both  <^cater 
or  both  less  than  90  ,  otherwise  the  sign  -f,  this  term  connected  with  the  approximate 
latitade  wUI  gire  the  apparent  tatiUide  of  the  moon,'^'*'  which  will  be  south  if  4- north  i£ — . 
The  moon's  irur.  latitude  subtracted  llron  her  iqyerMi  latitnde,  notfciBg  el|H|  wtt 
giTe  the  paraUax  in  (oiidufe. 

BY  PROPORTIONAL  LOGARITHMS 

The  ftbofe  rale  wiH  enswer  in  etMatlDg  by  proporlloiiel  lostrittoe,  wifb  the 

following  alterations.  WTion  the  log.  sine  occurs,  read  log.  co-secant ,  for  lo^.  re- 
fine read  log.  secant;  for  log,  ueaiU  read  log.  co-siDei  and  fnr  log.  ctKwcant  reed 


.  *  This  ic  ibe  mena  value  of  the  sun's  parsllax,  and  bmrj  tw  asad  iaatead  of  the  ttm  panlkz,  wkkh 
*varfssfreei  f'.Vior'A  The tw  solar pawillaxai any itaBeawty  bafc—dhysiberaedagthtlinMl^ 

or  the  sun's  distaaee,  {Iven  Id  the  Nauiicnl  Almsnac,  from  the  lof;.  of  8".8,  iocreastD^  ne  iadax  If  M 

wlicti  necessary,  tbe  remainder  will  1>e  the  locarithm  of  tbe  cou^bl  parallax  in  iccond*. 

♦  Correcfd  for  (Ik-  «m  tor'i  of  the  t-ibles,  when  known. 

^  This  Mim  I)  -}-  cor.  par.  is  nearlv  wjual  Jo  D  -f-  P  ihf  apparent  diManrf  of  the  moon  from  tbe  IC(wa* 
gesimal,  ti)  he  inndc  ii»e  of  in  Table  XLIV.  in  firi(Jiii<r  tlit'  aut'iii«  ntAtiuri  of  the  moon's  S.  I). 

II  In  tolar  tdtptu  the  iipparent  Intiluile  K  »>  !.iiiail  tliat  its  lu;^.  i>ii>e  may  t>e  put  equal  to  lOOOOOO-  Is 
tuxultatioru  you  must  calctilaU'  the  fint  part  of  tbe  parallax  in  Mtitade  l?y  approximation,  maidnf  an  sf 
the  true  latitude  instead  of  the  appartnt  in  tlie  above  rule,  and  deducing  the  approximate  \9imm  «f  A* 
firtt  part  of  the  parallax:  this  applied  to  the  Inic  latitude  will  |;ive  tbe  flj»^ntiw<f 
with  wUdi  the  opsiatioa  U 10  lie  r^saiedtand  the  ftm  psAoC  the  parallts  wiy  bet  * 
of  exaetatss. 

i  The  apparent  polar  distance  h  found  hy  adding  +  90*  to  the  approximate  iatitiadr,  due  i  _  _ 
bad  to  the  <ii?ns.  To  be  perfectly  ncrumle,  the  apparent  instead  of  the  appr»ximatt  latitwle  aagbn  to  •» 
iiiaili'  uso  of  in  this  part  of  llif  calculalioii,  nnd  titc-  tojrarithms  of  this  ifrm  ou^bt  10  be  iocmted  by  the 
lof.  ki-riiit  less  radius  of  ^  P ;  but  tbete  comfctiuos  arc  too  •bnUI  to  affect  (he  reaadt.  Jbi  cakvlatsw  die 
mhmhi  pni  t '  f  ibopuaUsaiahMiiadCtbwfflliesiiflckMloiakaihelacsittflttiaa^ 

or  ilie  ileciinHl*. 

This  rule  gives  tbe  appan-nt  latitude  in  all  rates,  but  it  may  not  he  amis*  to  observe,  that  ia  T.a 
late  piiUicathMtt  the  ca5c«  where  tbe  moon  i»  between  the  seolth  aud  (be  derated  pole  ait  Igr  laistaka 
aegMCtfltt. 
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Jog.  SIM.  The  paraBaiw  Buy  ctleiihtBd  to  the  nearest  second  by  proponional  loga- 
rithms. When  greater  accuracy  is  required,  conmunliifBrithnui  must  be  made  use  of? 

To  illustrate  this  rule,  the  following  examples,  corresponding  to  the  times  of  the  bc<^in- 
ning  and  end  of  the  total  ecUpse  of  the  sun,  of  June  16,  laOb,  as  observed  at  Salem  "are 
given.  The  elements  mtmrngy  for  thk  pmpots  b«v6  tkMOf  been  calculated  in  ProUenu 
I.  and  IV.  For  greater  accuracy  the  longitudes  and  lat-f  mles  of  the  moon  are  cometed 
for  the  error>— -fig^'.S  in  longitude,  and  —  ll".4  in  latitude,  which  were  found  by  com- 
pttifeg  ismral  olneffaCloBi  of  Ihs  eclipse  made  at  different  places. 

EXAMPLE.  I. 

Given  the  altUnde  of  the  Nonageaintl  ST^SSf  50"^  its  longitude  €3'' 89^31''  the 

lonjptude  of  the  moon  83°  49' 3".5  her  latitude  24' 2 7". 4  N.  her  horizontal  parallas 
W  iM'  .l,  the  latitude  of  the  place  of  obeervation  42^  33^  30":  requiK4  |be  pmlkuwi 
in  toa^itode  and  tatHode? 

The  correction  in  Table  XXXTIII.  corresponding  to  the  latitude  42°  33'  90^^  and 
parallax  60'  21".l  ia  5".6,  thi^  and  the  sun's  horizontal  parallax  8 suhfracted  from 
the  ])'s  horizontal  parallax  60'  24  ".1  leaves  the  reduced  parallax  60'  9 '.7=3609".7. 
The  longitade  of  the  NonagMimol  W  9K  Zl"  mdrtcMtad-  firom  tin  jbooii*^  lonntude 
83°  49' 3'',  leaves  the  moon's  dUlimu  fim  ih*  JV^m«wte«^  SO^  26^  3^  enaal  to  tiio 
areb  D,  because  less  than  180^. 

CalaiUtthn  by  common  f.o!:;arlthms. 


Eedaced  par. 
Alt.  Nonag. 
)*8  true  lat. 

aSOG''  7 
07  58  £0 
24  27.4 

Lof. 
8ii.« 
£«c 

3J&S747 

9.96710 
10.00001 

Rwlucixl  par. 
Alt  NonafT' 
D's  a  pp.  laU 

S60O  7 

lof.  3.05717 
Co-si.  9-57Tt» 
Co-si.  lOJMO-iO 

Constsot  log. 
3 

Staa 

3.£24d8 

asisis 

1  prt  p.  13SS".S 
||\inMbiltiMle 

—    94  97.4 

Leg.  a.isiu 
Sine  ^95919 

Apfr*  par* 

SjOSTTS 

I^'s  appnn.  lat 

—      1  54.1 

»4i  1 

Biae. 

AMOIO 
UMM 

AH.  NoiJS?**'* 

D  +  J  P 

2  part  jxir. 
Appin\.  lut. 

20  3G  25 

—  1".7 

—  1  1 

Jjnj;.  3.557 
Sine  9M7 
Co-*i.  *!*.'?7| 

Lo(. 

Ctor.  par*      asllfT'sIS  C7 

lot* 

S.0742S 

J>  +  cor.  par. 
CoDStant  lo^. 

8ia» 

9154980 
3.52458 

far.  long.  P  iir^  ".3=:i9" 

a07438 

p't  app.  tat. 

—     1  45  • 

or     1'  64 ".«  N. 

'>'S  niM  lOOfitadt     83  49  3.5 
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EXAMPLE  II. 

Given  the  altitude  of  the  Nonazeaimal  70^  57'  46",  its  longitude  9:)"  2f>'  ihr 
tongitiido  of  the  moon  9BP  S9' 39r.6,  ber  latitude  19  10".4  N.  her  horizontal  parallax 
60^  sr.O,  the  Utitudc  of  the  place  of  obeerration  dS^  33^  30^  Bequired  the  panliaxe9 
in  longitude  and  latitude  ? 

The  correction  in  Table  XXXVIII.  corrosponding  to  the  latitude  42°  33'  30"  anS 
pttaBaz  W  9r\  is  5".6^  Ibia  and  the  aunfa  horixontal  parallax  8^.9,  aubtracted  fVom 
the  moon's  horizontal  parallax  60' 27". 0  leaves  (he  reduced  parallax  60' 12". 6.  The 
loi^tude  of  the  Nonaceaimal  95°  26^  36",  subtracted  from  the  moonN  lon;;itude  in- 
fl»a99J  by  360^,  vis.  llS^  89^  33",  leares  the  nwm*s  duUnuM  from  ike  J^^wesiuud 
3600  r  sr,  the  aunloment  of  wbiefa  to  3600    9»  sr  3*,  equal  the  aceb  D. 


iTctliicrd  par. 
AU.  Noaa£. 

^••Oiaatot. 

GO'  12". 
70  SI  46 
19194 

s— -  . 

AppBW(«pnr* 

957  3 
990 

Cantfaackg; 

10  999 

Corrected  par. 

10  0 

10  7  9 

Bv*  laa(*  P* 

10  9U0 

99  99  819 

^  '$  apfi.  Ion; . 

99  19  93A 

P.  L.  aiTy; 

Co^.  1QUQ844 
Oo^L  190000 


0.5000 
Co^  ia7624 


P.L.  1JB4 


10.7664 

asooo 


r.  L.  1.2551 


p.  I.  1JSS9 


no<Iuccd  par. 
Alt.  MoniuF. 

fliapp^St. 

1 

D'ii 

D'a  a|^.  lat. 

Rediic«d  par. 
Alt.  Noiuur. 
D  +  4P 

2|MitpBr.lal.  4* 
Appnis*  let* 
Appueatht  4-* 


W  U".6 
70  67  4t> 


4>  19  09  9 
—  1910  4 


r.  r. 

6«c- 


ia48»;5 
109090 


P.L.  0L999I 


•f     4  38  1 


10 


2  9 
4A 

4  391 


Co-se.  1288a 

P.  L.  0.47:^1 ' 

C(>-»e.  Icn.'U 

Sec.  viJOOCi 
P.L. 


4  929  or  4'  9S"^  8. 
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EXAMPLE  in. 

RcquFred  the  parallaxc*}  in  lonj^itmlr  and  latitniic  at  the 
Spica,  Dec.  12,  ItM^S,  at  the  timea  and  iilacc  lucutioned  in  ibc 

Reducwl  par.  SSTWAV  L.  0.€i92  

Alt  Hoa.  t1  17  at  i(M050 

ft  mate  1  A»lt     C«mL  9^J« 


time  of  the  occultation  oT 
Exaaiple  of  Problem  VU..' 


D 

AlWr-par. 

D+a|ipfcfar. 
COMtant 

Corrcctftl  par. 

D     corr.  par. 


IMMaagiP. 
%  traeloar. 

p  app.  loD(. 

Refill  p*f. 
Aiu  Hoo. 
ftraalif: 

Comtant' 
D 

■ 

TXft  nppr.  pan 

CoriWfcnt 

Corrected  par. 
9  4*  corr.  par. 


fiO  52  1 
.  45  SS 

« tias 

46  25 
&l  38  2G 


•41 

Co-se.  KKIlOvj 


P.L. 


I»app.lai.* 
1  pari  par.  lat 
ptnMlat  + 

1  appn**^  "f 

4880    R«<ltt«c«I  par. 

 All.  NonNff. 

P.  L.        5687    U  +  }  P 

Co-Jf.    10  K».Vj     2  pnrt  pnr.  t.it.  + 

J)  rtpjsrux  Uit.  + 
P.L.  MM 

]>  app.  Ut.  4* 

>  par.  lat.  + 


a4:c 

otir» 

lOOOOS 


1  35  tun 
9  4  144 


51  15  IS 
2  4 


P.l.     1-  4 


P.V,.  MUt 
Cms.  MMMO 
Sec  tOlDS* 


2  5S4.6Soadk. 


10 


ao'  .'i3"  0  r.  I      0.4:;  0  ., 

74       18      to*ec  10.0159  1 
I  51  »l    Oo-tL  »Mm 


>  app.  lat. 


Sec. 


35  22  38 
83  S8 
8950  4 

33  54 
55  56  32 


•f  S3M 
900  51  9i.t 

SO  I  25  30  1 


o.'tt<37  !  1  part  par.  lai.  + 

Co-sec.  I0.j.i74 

trve  lat. 


P.L. 


7511' 


104815 

4937 


P  L. 


Co-aec  i0^i4 


P.l. 


1351 


15'  si"a 
1  51  2M 


P.L. 


D  npprnx.  lat.    -f     3  7  SS4     C»«ce.  II^IS 


RvdiK-nl  par.  * 
Alt.  Mooaf. 
U+l  P 

2  port  par  lat.  -f* 
P  ap^TOX.  lat.^  + 
ft^.lat.  + 


])  par.  Int. 


39  33 

1  4L2 
2  7  234 
S  »  1.5 

17  5R.4 


P.  L.  0-4710 
Sec.  IO.0t«iC 


P.L.  iMM 


T9h  bar.  P. 
>  MalMif. 

f  appi  kmf . 

Having;  thus  explained  the  method  of  calnilating  the  parallaxe.^  of  the  moon,  it  nO"vr 
remains  to  give  the  rules  fur  ituttijig  the  longitude  by  ecli|)!ie&  and  occultauons.  The^ 
foain  object  in  theae  calculations  to  determine  fhtm'  the  obaenred  begmnini  or  end  oC 
the  eclipse  or  ore'iltntion,  th»-  prccisi-  time  ot'thr  rrH|itic  ronjtinrtion  of  the  sun,  or  Star 
and  moon,  free  from  the  etieets  of  parallax,  counted  on  the  meridian  of  the  place  of  ot^. 
iKrvttion,  since  the  difference  of  the  tiroea  of  conjunction,  obtained  in  this  manner  at 
tiro  ptacea,  will  be  their  difference  of  longitude.  If  the  lunar  and  solar  tables  were  pet^ 
fcctly  correct,  the  Ionsj;itn(l(  ini^iil  ho  df tcrminfd  by  takin  :  th*  ditrcrrtirr  tx-t-neen  the 
time  of  coi^unction,  gnen  in  thv  iSuuticai  Almanac,  and  that  deduce<l  from  ihe  obecr- 
vations  of  the  ecli|Me  or  occultation ;  but  it  is  much  more  accurate  lo  compare  the 
times  deduced  firom  ob-^t  rvatinns  artiiaily  made  at  the  places  for  which  the  diflercnce  of 
longitude  is  sought.  1  here  arc  two  ildliLrcnt  methods  of  fimling  the  ecliptic  con,un^tioT>, 
a^ording  as  the  latitude  of  the  moon  is  .^nppoited  to  be  nccumtcly  knonrn  or  not.  If 
the  latitude  was  given  correctly  by  the  lunar  tabksi,  or  was  accurately  known  bf  other 
obserTation««,  the  erliptic  coniunetion,  an«1  the  lonii^ituih  of  t!i»' place,  niielit  be  f^ctrr- 
mined^-  each  of  the  phases  of  the  eclipse  or  occult::tlon,  b\  the  mt-thoU  given  in  Pro- 
Henia  Vlll.  and  IX.  But  the  moon's  lalitudo  not  being  generally  given  to  a  s*"* 
degree  uf  accuracy,  It  is  usual  to  combine  together  the  ob>«crvation!(  of  the  beginning  and 
end  of  the  eellp-ie  or  occultation.  or  the  beirtnning  and  end  of  total  darknt.*s  in  a  total 
jaCUpse,  or  the  two  internal  contacts  of  an  annuhu*  eclipse,  to  ascertain  the  error  of  the 
lnoon*s  latitude,  by  the  method  gTven  in  Prableaaa  VI.  and  VII.  In  makhif;  the 
lationo  in  these  Problems,  it  will  hr'  nrrrss  in' tn  know  nearly  the  longitndf  of  \hr  pi 

order  to  dnd  the  supposed  time  at  tirecnwich,  as  to  take  out  the  citmcnts  fi 
ike  Nanlied  AUaanae:  and  if  the  longitude,  deduced  frona  the  obaorvatioB,  ataoM 
differ  aonsideiably,  the  operation  must  be  repeated  with  the  longitude  obtained  If  Aia 
,<q>eratioo. 


^  •  The  tnopii's  true  ladtodr  !•  55'  II"  must  flnt  Im  astd,  Ms  lof.  trauri  Vlng  iMaOk.,  arkidi 
fas  1M  part  pw-.r  8%  wUek  added  mdMtraalaltaida  ard»Nll»l^  Rivet  d^  4 
tWh».iasui«rwllehlsiOyOOOB,«aaafa.  The  calealatian  Ibr  the  emtnlaii  to  ■»!•  ti  a  ii 
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PROBt£M  VI. 

Cirfn  tlif  Intifvdr  of  the  place,  mti  the  apparent  tinux  of  the  het^lnuing  and  end  of  a  io- 
imr  eelipie,  counted  from  noon  to  /uxm,  accottung  lo  ike.  nutkod  oj  Jhtronamtn^  to  Juui  the 
tongihide  •/  the  piaet  tbatnaiim. 

In  th«-  rule  for  solving  thi?  Problem,  rcfrrcncf?  nill  be  made  to  fie.  12,  Plate  -\II.  in 
which  Uisfci  represents  a  .Hinull  art-h  of  the  ecliiitic  ;  8,  the  place  oJ  the  tt  ntre  of  (he 
•un,  suppoflcd  at  reitt ;  F,  i.,  the  ap{).irent  place*  of  the  centre  of  theinui<ri  at  the  be> 
g<«"*»g  and  end  of  the  eclip-c  ^c^p(  ctivity  ;  I'D,  8C,  and  .\EL,  are  ^rpendicular  to  DE, 
FA  pamllel  to  1)1",,  and  SB  pt Tp<  udirular  to  FL.  Then  it  i.i  evident  that  Fl),  FK  repre- 
aent  the  apparent  i,ititudc&  of  (he  moon,  Mrhich  fall -below  DL  if  gotukf  above  if  north; 
and  SF,  at.  ropraeeal  the  Minia  of  Ibe  corrertrd  KCOii-diaiMtan  of  tiM  mn  ud  noen^ 
•t«tho  tifgiimiiig  lAd  end  of  tlie  ectipae  reapcetivelj. 

RULE. 

To  the  apparent  tiroes  of  the  bcginniiw  and  end  of  tbe  eclipse  add  the  estimated  lon- 
gitude of  the  place  in  timi  if  it  i^  trtst,  but  siiljinu  t  if  tcul ;  the  sum  or  diflcrenoe  will 
bo  the  stipposcd  time  at  « irteiivvich,  corri'sponding  to  which,  in  the  Nautical  Almanac, 
find,  by  Problem  1.  the  moon's  aeini^diumcter,  horizontal  paralhLx,  lutigiliidc  and  latitude,* 
and  the  aun'a  aoaai«diameter,  lon;;itude  and  right  aacenaion  ,  also  the  moon's  borar)-  mo- 
tion from  the  5un,  by  Problem  II.  I  'errea.-f  the  ,-un's  semi-diameter  .'U  '  for  irradiation, 
and  tbe  remainder  will  be  his  cotruttd  Bcmi-oiametcr.  i>ecrt-a«e  tbe  moon's  semi-dia- 
meter 9"  for  inflexion,  and  (o  the  remainder  add  the  correction  in  1  able  XLIV.f  the  stiBa  ^ 
wQlbe  the  moon's  corrected. aemi-diameter.  Find  also,  in  the  Nautical  AhDanar,  the' 
obliquity  of  the  ecliptir. 

With  these  clement^  and  the  apparent  time  at  the  place  of  ob.->fT^ati  jn,  t  alculatc 
tbe  altitudes  and  longitudes  of  the.Nooagrsimal,  by  froblem  !>.  the  p.irailaxic  in 
lonjjitudc  and  latitude,  nnd  (he  moon's  appan  nt  loj  jsitut'e.':  .  r.ii  !  titnue-,  b}  1  rc-hh  m  V. 

Take  tbe  diflcrencc  between  the  appaicn.  Ivu^it  dct»  of  the  moon  at  beginning 
and  Old'  of  the  eclipse,  and  subtract  tbereflrom  the  diflei;pnce  of  the  sun*s  longitudea 
at  the  same  tinges,  the  remainder  will  be  the  relutive  motion  in  longitude  DF.  or  FA. 
The  relative  motion  in  btitutk-  AL,  is  found  hy  t,ikip'4  tlie  difrrencc  of  the  moon's 
apparent  latitudes  at  tlie  begiiming  and  end  of  the  e<  lipbe,  if  ihcy  are  both  north, 
or  both  south,  but  their  sum,  if  one  he  north,  the  other  south.  From  tbe  logarithm 
nf  FA,  inrrra«*ing  the  index  by  10,  »ul)(rnct  the  Ic^rithm  of  AI  ,  thf  rem  ain 'or  will 
be  the  log-tungent  of  the  an^tc  of  inclination  DSB ;  this  angir  ib  to  be  taken  i^nater 
than  90^  when  the  moon*s  apparent  latitude  FD,  at  the  be^^innibg  of  the  eclipse,  la 
IJTfa/er  than  at  the  end  KL,  otherwise  le«tK4  1  hen  to  the  log.  eo->i  «  fH)t  of  tlic  angla 
of  inelination,  add  the  loir;ihrlim  of  the  relative  mntion  in  lonsritude  FA,  the  sum, 
rejecting  10  in  the  in  iix,  wdl.be  the  logarithm  of  the  appijn  nt  motion  ot  the  moon 
FL  on  her  relative  orbit.  Then  in  the  triangle  SFL,  the  aides  SF,  SL,  represent  the 
sums  of  the  rorrrcir,!  simi-diametors  of  tbe  s  ;n  and  moon  at  the  beginning  and  end 
of  the  ecliDKC,  and  these  with  the  relative  motion  FL,  are  given  to  find  the  angle  FSB, 
(by  Case  Vl.  Obi.  Trig.)  Tbns :  to  ty  log.  ar.  co.  of  FI.,  add  tbe  log.  of  the  sum 
of  SF  and  ST.,  and  the  log.  of  their  ditfi  renee,  the  unm,  rejceting  10  in  the  ind(  x,  wilt 
be  the  logarithm  of  the  difference  of  the  .«egm«  nts  FB,  BI.  ;  half  of  which,  added 
to,  and  subtracted  from  half  of  FI  ,  will  gi\e  the  U\o  jcgments  FB,  HI.,  the  greater 
segment  being  contignous  to  the  greater  sid( ,  v,!K  lhcr  SF  or  ST..  Then  from  the 
lo^^rithm  of  the  •"cgm'^nt  FH,  inereu-inp  iiie  in'!»'X  by  10,  s«d){rart  th(  of  SF,  the 
remainder  will  be  tbe  log.  sine  of  th*-  angle  FSB,||  which  is  always  less  than  ^U*^: 

  ^ 

*  fiirriTird  foe  iho  »"rr.>r*  »if  ihr*  uiii!e«  in  Ui'^r'linl''  «n<i  Inii;n<!»'  whrn  kn'nMi. 

t  This  rorrifiion  niiift  '.>f  ii»r  i       r  thr      iivi'oniHl  lorniriidr  •  I'  ih«'  Nnr,  ei«ii'ifti  arc  rnlruUtod. 

t  Thi<  rule  it  t*({ualiy  inir  wlirthrr  t!i«'  Iniituile  lie  of  th<>  «aine  or  dUTftvai  iwini»'<>.  If  the  laliUKteS 
are  eqiml  nml  of  ilv  Mn.r  nnmi'  the  stvaie  D^lt  will  ttr  90".  II  ihey  afr  runa!,  hut  difTrrcnr  namn, 
tke  tmgif  DSB  imy  tie  taken  .icHr<>  or  obtuse,  tinee  In  that  our  thr'anir*^  l-ftD  is  80^  Sulctl;  sorak- 
lag,  wicB Ibe  points  F,  L.  Gril  mi  riiir*-reiil  tidst  of  tbe  line  DK.  the  ancle  DSB  b  frMrtcr  or  Wtba* 

FD  CL 
•0*  t  areordfaig  as  tb»  eiprairtaB       is  frMfsr  or  tm  thar.  bat  at  the  diTisort  SL  nn<l  are 

«F  81. 

nenrlv  ofuml.  tliey  mny  nejrleeted,  (as  in  ilie  almvp  riilf)  fxrrpf  in  n  c»<4'  which  vrry  rarri'/ oc- 
cur*, onnidy.  w  hi  ll  ih*  itifT»T»'nr'  ol  SL  -SI-  i»  rrc-..i»  i  il  nn  'I  r-  ■  id.mx  <  l  iho  lui-  up)).  I;«!liiun'» 
KL,  h'lK  in  wliirh  mst-  ihf  rule  ni  iM-.  not*-  mu^l  t»-  made  u-r  of    0!«»T»infj  (hat  ih''  Irartions 

ML  ¥V 

 rrpr.  spnt  tbe  quutienu  of  ilie  muoo^  auparrnt  latiUKt^  fUvided  by  ibt  turn  of  the  •nai-Uia- 

HL  8K 

Often  of  il»e  «an  nnd  moon. 

I  Whon  SF.  .>L  nr«  equal,  or  ih>  ir  dlfermce  U  *o  small  ihai  h  magr  br  aeffecWd,  the  log.  nine  df  the 
angle  FSB  may  be  oliiaiiied  nacb  murr  rspnUtiowljr  tar  MibirartisiR  ibr  Infr*  "f  «>  8F  md  SL, 

A<soi  the  lof;.  Af  FI.  iocfMri^  IM  Index  lif  Mk  Tlibi  awduM  n«7  nlmoM  aNa^  bt  aMda  we  of  «1tb- 
oataai^erfor.  It  It  the  rale  adopted  by  DoclorllBebay  la  bit  irtadMoaloBcftode. 
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thedUftnaeebetfrentbU  uid  the  tiigte  of  indioftliaa  DSB,  wm  be  the  ccaM  «Rgle 

DSF. 

To  Ihe  log.  co-siue  of  the  cetUral  angle,  add  the  log.  of  the  sum  of  the  corrected  semi- 
dtemeten  at  the  beginning  of  the  eelipse  SP,  rejecting  10  in  the  indes,  the  tmm  iriM  be 

'  the  logarithm  of  SU,  the  apparent  diHcrcncc  of  longitude  of  the  sun  and  moon  at  thaf 
time.  This  i»  to  be  subtracted  from  the  longitude  of  the  sun  at  the  beginning  of  the 
eclipse,  if  the  central  angle  is  less  than  90%  but  added  if  greater  than  90-^,  the  sum  or 
ditFcrence  irill  be  Iht  moon's  apparent  longitude  :  to'tbis  mu^t  lie  nddrd  the  moon^s  par- 
allax in  longitude,  when  her  distance  from  the  Nonagcsimal  (IuuikI  as  in  Problem  V.  by 
Aubtracting  the  longitude  of  the  Nonagesimal  from  the  moon's  longitude,  borrowing  36u' 

,  when  neeessary,}  in  greater  than  ISO*,  otherwise  the  paiallai  auHt  be  latfraclurf;  the 
•  •uni  or  (lifrrrcnoe  will  be  the  moon's  true  lonc^itfule  at  tJic  beginning  of  the  eclipse. 

Take  tlie  did'erence  in  seconds,  between  the  sun's  and  moon's  true  longitudes  at  the 
beginning  of  the  eclipse,  to  the  logarithm  of  which  add  the  arith.  comp.  log.  uf  the 
moon's  horary  motion  from  the  sun*  in  seconds,  and  the  constant  logarithm  3.55630: 
the  sum,  rejecting  10  in  theimh  x,  will  be  the  logarithm  of  the  time  from  the  ooryuncfion 
in  srcondi|  which  is  to  be  added  to  the  observed  apparent  time  of  the  beginniog  of  the 
eclipse,  when  the  san'a  longitude  at  tfiat  time  b  greater  than  tiie  mooo*k  tnu  hmgiladey 
otherwise  subtracted;  the  sum  or  difTerenrc  will  be  the  apparent  time  of  the  true  ccliyAie 
coi^junctioD  of  the  sun  and  moon  at  the  place  of  observation.  The  difference  between 
this  and  the  time  of  cot\)unetion  at  Greenwich,  inferred  from  the  Nautical  Almanac  by 

.  Problem  III.  will  be  the  longitude  of  the  place  of  observation.  But  if  eoneipoiiding 
observations  have  been  made  at  different  jJaccs,  it  will  be  much  more  accurate  (o  find 
the  times  of  the  conjunction  at  each  place  by  the  above  nile,  and  the  difference  of  those 
times  wHI  be  die  difference  of  meridians,  if  it  does  not  differ  mueh  from  the  ■uppomid 
diflerencc  of  longitude.  If  there  'n  considerable  difference,  the  operation  must  be 
peated,  making  use  of  the  longitude  found  by  this  operation }  and  thus  bj  eueeeaife 
operations,,  the  true  longitude  may  be  obtained. 

The  long*  of  the  place  of  observation  being  accurately  known,  the  errori  of  tlie  hiMr 
tablcH  in  long,  and  latitude  maybe  easily  fonml.  For  tlie  difference  between  the  moo^ 
true  longitude  deduced  by  the  above  method  Irom  the  observations,  and  the  loogitiade 
fbond  from  the  Nautieal  Almanac,  will  be  the  error  of  the  tables  in  longitude*  find 
the  error  in  latitude,  add  the  log.  sine  of  the  central  angle  DSF  to  the  lof;,  of  the  sum  of  the 
corrected  semi-diainetcrs  at  the  beginning  of  the  eelipbc  SF,  the  sum,  rejecting  10  in  ibo 
index,  will  be  the  iogariliim  of  the  moon's  apparent  latitude  FL)  lU  that  time,  which  will 
be  south,  if  the  point  P  &Ils  below  D,  othcn\ise  north.  Take  the  difference  between 
this  and  the  moon's  apparent  latitude  found  by  Problem  V.  if  they  are  both  north,  or  both 
south ;  but  their  sum,  if  one  be  north  and  the  other  south,  and  the  ciror  of  the  tables  ia 
latitude  win  be  obtaiiied.t 

REMARK. 

The  above  nile  will  answer  for  dedticii^  tiie  longitude  from  Ihe  ebsened  b^inninf^ 

and  end  of  tlie  internal  ronf  acts  of  a  total  or  annular  eclipse.  The  diffcrcnce-s  consist  in 
reading  the  mlc,  beginning  and  end  of  the  internal  contacts,  instead  of  beginning  and 
end  of  the  eclipse,  and  taking  SF,  SL  equal  to  the  differences  of  the  corrcepondii^  semi- 
diameteis,  instead  of  their  sums. 

EXAMPLE. 

At  Salem,  in  the  latitude  of  42"  33'  30  "  N.  longitude,  by  estimation  4h.  43'  32^  W. 
from  Greenwich,  the  beginning  of  the  total  eclipse  of  .Tune,  l'^06,  was  observ  ed  at  I  M. 
2'4b.  6'  18".l,  and  the  end  at  the  I6d.  Oh.  50'  34  .6,  ofiparcnt  time,  by  astronomical 
coimatation.    Kequired  the  longltllde  of  the  place  of  obscn  ation  7 

Most  of  the  following  elements  are  cakulated  in  Problems  L  II.  IV.  V. 


*  iMfe  the  bomry  motion  varies,  it  tnasi  be  tflMn  10  CStWipsild  to  fh»  Oriddte  ttasMwesa  Ifts 
berlontaf  of  ihe  eclipse,  mad  tine  oonioactloa  «r  asw  hsoob. 
ffflWQtbe  crilpssor  oeeulMloii  b  neariv  ontnd  or  (In  etker  wwdi)  when  FD,  EL  arv  verr  email 

in  com|ia(i»m)  of  SF,  ihf  latitude  thns  fouhd  osnnot  b«  depended  oa,  its  a  tm»\\  error  in  the  timri  of 
«>l««TTRtlon.  woald  prodaff  «  conrfdi'nble  rrror  in  the  latltiulf .  TndPMl  the  caw*  may  oeoir  i»hea  FD, 
2:L  .uc  I'-ss  ihnn  30  ",  ibat  it  may  he  uncprtflin  winKhcr  th<-  i^mhi,  K.  L,  (all  alx>ve or  bdMir  The  line  DE. 
li''raii>.e  tin-  t  rror  fif  tlie  lunar  t*blp^  in  l!iiitud«*  may  sompnnu  N  hf  to  SO  '.   In  thl!i  eajkc  iht  corrrrt 

l:iiitu<te  <if  tlic  m  Nin  'vny  found  (I)  Ry  ohgeryniioii-i  mail*- at  ar>i>ih»-r  plare  ulicrc  tlie  cdipar  or  or- 
niliaiion  was  not  «;o  rpntrnl.  (2)  Hy  liw  Dumb«>r  of  dirits  t>rlipard,  if  it  a  solar  eclipae.  (S)  By  thf 
(liaw-encc  o''  docliotiiuns  of  (lie  roonx)  iMid  ntar  ubstrved  oefnre  and  after  the  Imnwnion  or  emerpoa.  (4) 
iiy  the  meridisD  altitude  of  the  nooo  obtcnretl  tbc  sameday,  whcBoe  It  nav  befevad  whether  tftt  wH^rn 
was  north  or  sralbor  tar  plus  giten  bjrlhc  ttiUM. 
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ELEMENTS  OF  THE  ECLIPSE. 


11'  26' 


Prob.  I 


Apparent  Urnrs  of  observjition 
Estinuued  lon(;itiR]e  W.  from  GreeDwicb 
Suppose*!  licne  at  Greenwich  .... 

©*•  right  ucensioD   

Cat.  of  place  42"  53'  30"— Reduc.  Tab.  XXXVIII 

Obliquity  of  the  ecliptic  

J)'«  long,  bv  N.  A  Err.  T«b.  58  .S=Tnie  loag.  ]> 

Longitude  6i'  the  Nuoaeresiinal,  by  PruT>.  IV. 
y»  true  long.— Long.  fioDagcs=D'*  N^n^E** 
This  distaiKe  or  lupp.  if  greater  (ban  Ittt'  ii  arch  D. 
Altitude  of  Nona^esimal  Prob.  IV. 

D'l  horiiontal  parallax,  by  Prob.  I  

-®'s  bor.  par.  8  .ft— Connection,  Table  XXXVIII.  5" -6 
Reduced  parallax 

P'»  8.  Diam.  b»  N.  A  — Inflexion  2"  ... 
Add  correction 'Table  XLIV.  .... 

P'i  corrected  serai-diameter   

®'s  Rem! -diameter  by  N.  A.  15  46". |— Irradiation  3  ".^ 
Sum  of  the  corrected  semi-diameters      .      .      .  . 
^'s  horary  motion  in  longitude  by  Problem  II.  Ex.  II< 
s  horary  motion 


homrv  niotioD  from  the  tun*  .... 

'b  parallax  in  longitude  P  

apparent  longitude — Error  Tab.  4i".5,  by  Prob. 

longitude  by  Problem  I  

iff".  ])'«  apy.  longitudes=.  ])  app.  mot.  .  .  • 
Diff".       lonptudts=Q  app.  mot. 

IHffirtnct  of  vuitiorw  o/®  D  

true  lat.  by  N.  A,  Prob.  I.— Error  Tab.  W" A 
'I  app.  Jat.  cor.  for  error  Tab.  1 by  Prob.  V. 
'■  /of.  oi  end — Lat.  at  btginning 


V. 


16 


END. 


D 


d.  b.  • 

15  22  6  18.1 

4  4G  32 
2  -I  'J  50.1 

5  86  M.0 
42  22  4 
2S  27  48 
n  49  3.6 
6.1  22  31 
20  26  32 
20  26  32 
67  58  H) 

60  24.1 
—  14,4 
60  9.7 
16  3S.7 

18  40.9 
1ft  42.^ 
52  23.5 
38  39.2 

2  23.1 
34  16.1 

19  46.8 
84  8  503 
84  41  3.4 


—  24  27.4 
FD=—  1  55.8 


SF= 


d-  b.   '  •• 
16  0  50  3A£ 

4  48  32 
16  5  34  6.6 

5  37  18.5 


85  29  32.6 
95  26  36 


D 


350 
9 

70  57 


2  57 
57  3 


46 
60  27.0 
—  14.4 
60  12.6 
'  16  28.4 
16.4 
IB  42.8 

15  4ze 

SL—     32  25.4 
36  42.8 
2  23.1 
34  10.7 
lO  OX) 
85  19  S2.C 
84  47  35.5 
I  10  42.3 
6  32.1 
FA       64  i0.'2 

— 15  ia4 

EL=+  4  S2.5 
AL=+  6  28J1 


As  the  apparent  latitude  at  the  beginning  of  the  eclipse  is  north,  and  at  the  end  tooth,  the  point  F  cor. 
rcspoikUnf  to  this  example  falls  above  DE,  the  point  L  below  It.   The  rest  of  the  calculationi«  as  foUoV  s. 


FA  64'  I0".2=3350".2  log.  13.58.')48 
AL    6  28.3  =  S8C.3  log.  2^8917 


3.58548 


Iitflinatioa  84o  14'  tao 
Appareot  motion  FL 


10.99631   co-t.  10X)0220 


386a  7   log-.  3^8768 
Its  arith.  comp. 


8F-f  8L  =  C4'  WJi 
ma.  SF,  SL 

DIA*.  segments 

lu  half 

Half  of  FL 

Sum  is  great  segment 

DiflT.  is  lesser  seg.  FB 

SF  32'  •.:S".5= 

Angle  F6D 

Indinatioa 

DUr.  cent.  ang.  DSF 
6F 

SD=32'  23  ".5  = 


3888   9  log; 
1    9  tog. 


6.41232 

a58n8R 

0J27875 


1  91  log.  0.28090 

0  95 

1934  85 

1935  8 

1933    9  log.  13.28644 

1943   5  lug.  3.28858 


line  9.99786 


84"  19' 
84  14 


0  5  co-do.  1000000 
luf.  3.28858 

1943  5    log.  3.28858 


84«»  41'  3  ".4 

—  32  23  .5 

84     8  39  .9  by  obs. 

~  19  46  .8 


0'8  longitude 
81) 

A's  afip.  long. 
5's  par.  long. 

^'s  true  long. 
®'s  long. 

I>«r.      31.10' '.3  =    52  10   Slog.  3.49558 

D  bor.  mot.  fr  ®  34  I7".l=  2057  .1  AC  6.68675 

Tiipe  fr.  coiy.  Ih.  3118  ".»=M78".I  kg.  S.73l*iS 
App.  ti.  oliS. 


S3    4?  53  .1 

84   41    3  .4  couL  i^iSCaO 


An.  tl.  cuoj. 
Conjunct. 

DUr.  Merid. 


15  22   6  18.1 

15  23  37  36.2  at  Snlem 

10  4  19  BiGrecowKli 


i  41  23.8 


.«;ine  7.16270 
tine  3.28858 


App.  lat.  FD=2''.8    log.  0.45128 


In  finding  the  time  of  conjunction  or  new  moon,  at  Greenwich,  4b<  19',  in  the  NaU' 
tical  Almanac,  the  longitude  of  the  moon  was  supposed  to  be  given  correctly  by  the 
tahies.  If  the  calculation  be  made  by  Problem  III.  after  allowing  for  the  error — 58". r», 
the  result  will  be  4h.  2(y  47",  whence  the  difference  of  Meridian8=4h.  43'  10 '.8,  which 
differs  so  little  from  the  assumed  longitude  4b.  43'  32",  that  it  will  not  be  necessary  to 
repeat  the  operation.  If  the  eclipse  was  ob.scr^ed  at  Greenwich,  the  time  of  conjunc- 
tion ought  to  be  determined  thereby,  in  a  similar  manner  to  the  above  calculatiogn^;  or 
by  those  of  Problem  VIII.  if  only  one  of  the  phases  is  observed :  by  this  means  the 
errors  of  the  tables  will  be  wholly  avoided.    If  the  eclipse  was  not  observed  at  Grcen- 

•  This  bofarjr  motion  increaset  from  34'  16  .1  to  34'  19"  7  or  3". 6.  during  the  eclijiae  2b  14  16  "..% 
which  is  1".32  per  hour.  Now  the  ecliptic  conjanctioo,  or  time  of  new  moon  atGrtenwIch  bv  the  N.  A. 
was  4h.  19'  or  rather  4h.  20'  47  ',  correiipondint:  to  23h.  37  16  at  Salnn,  which  b  ib.  30'  57'  after  the 
beginning  of  llw?  eclipse  •  and  the  inrrcane  ot  ibe  horary  motion  in  halt  that  time  is  >",  which  added  f« 
34'  16  .1,  gives  ibe  horary  motion  34'  17".l,  corretpomling  to  the  middle  time  lietwcen  the  beginning 'Ji 
the  ecjiji&e  and  conjurctiou.  This  u  used  in  calculating  tlie.concciiimc  of  conjunction. 
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wich,  the  ^bsemtions  at  3i)v  other  place  whose  longitude  is  known  ni|^t  be  Bude  UfO 
of,  and  thus  the  diil<;rence  ol'  weriJians  accurdtclj  ubtaiuecl. 

The  moon'9  true  longitude  deduced  flrom  the  above  observation,  ie  83^  48*  ;  bj 
the  N.  A.  it  is  -^3  60  ^  .0,  tbe  diflercucc— '.9  would  be  the  error  of  (he  tablet  bj 
this  ohservaliou,  if  t!ip  n-"»  'int-d  }.»ii*itiule  Ih.  43'  .52'  and  the  solar  tables  were  correct. 
Bj  re{h5aun£  the  opcmLiuu  witii  the  8u»sumcd  longitude  4h.  4^^  1U".S  the  error  68''.9 
woold  be  redaeed  to  nearly  the  esCnnated  valae  5^.9. 

The  eclipse  was  so  ncarlv  mitral  at  Salem,  tli.tt  a  variation  of  a  minute  in  ihc  mooii's 
latitude,  would  hardly  alter  the  times,  or  duration  of  the  celipse ,  so  that  the  latitude 
could  not  be  determined  by  the  above  observaliens  to  any  considerable  degree  of  accu- 
racy. From  thi^  e  m^c  it  happens  that  the  tpp.  latitude  at  the  beginning  oi  the  cc^pn 
is  by  the  above  l  alrul  ition  J".S  insitad  of  1'  >  •".'■,  as  found  liy  allowing  the  error 
ll''A,  deduced  from  other  observation."  tuadc  where  the  ecUpac  waa  not  M  nearly  cen- 
tral, and  by  the  limita  of  the  shadow  of  total  ddricnew. 

PROBI.EM  VII. 

Given  the  UUUuie  of  the  pioce,  a^J  tfu  appr.rtnt  timts  uf  llu  beginning  ofjtd  tnd  of  ma  9ttl^ 
talion  of  a  fixed  ttarby  the  nutu.i,  to  find  the  lortjcHude  of  the  jUace  9(  iJbsertation, 
In  the  fblloiring  rule  reference  will  be  made  to  fig.  13,  I'late        in  which  DSE  re- 
presents a  parallel  to  tho  (  rliptic  parsing  through  the  pla«  e  of  the  star  S  ;  b>K,  SL  the 
corrected  semi-diameters  of  the  moon  at  the  beginning  and  end  of  the  occultatiou  \  i>Ft 
SL  the  diffbreneee  between  the  apparent  latitude*  of  &e  moon  and  the  f>tar,  when  of  the 
same  name,  or  their  sums  wiien  of  ditTerent  names  ;  either  of  these  lines  falling  belotc 
DE  if  the  moon's  apparent  latitude  is  more  southerly  than  that  of.  the  star^  otherwise 
•  above. 

RULE. 

To  the  app;>rrnt  time^  offh'*  1><  ^inning  and  find  of  the  orrultatinn  add  the  estimated 
loimtude  of  the  place  in  time  if  it  is  ioe«t,  but  subtract  if  taal ;  the  sum  or  difference 
wUl  he  the  supposed  time  at  Greenwich,  eoftesponding  to  which,  in  the  Nautical 
manac,  fi|kd  by  Problem  I.  the  moon's  aemi-diameler,  horizontal  parallax,  longitude  and 
latitude, and  the  Mun's  right  asceriMion  ;  also  (he  moon's  horarv  motion  bv  Frobk-m  M. 
and  the  true  longitude  and  latitude  of  the  lixetl  .•^tar,  by  Table  .\XXVI1.  corrected  for 
■herration  and  equation  of  equinoxes  by  Tables  \U  XU.  Find  nlm  in  the  N.  A.  tte 
obliquity  of  the  f-rliptir.  To  the  nioon'x  semi-diaint  t'-r,  add  the  corrci  tion  in  Ttb!c 
XLlV.t  and  from  the  sum  subtract  tlie  inflection  2  the  remainder  will  be  her  c^rrecttd 
•Mni-diameler.  VV'ith  these  elements  and  the  apparent  times  at  the  plaee  of  obeervation, 
etienlate  the  altitudes  and  loMgitudr^  of  the  Nmuiiesiaiai.  by  Problem  IV.  and  the  oarai* 
faxes  in  longUude  and  latitude,  and  the  moon's  apparent  longitudes  and  Jatftnoea  bf 
Problem  V\ 

Take  the  dilihranee  between  the  - sppMwsnf  longHodes  ti  the  moon  al.Iha  begimihiif 

and  end  of  the  occiiltation.  whirh  will  be  the  ino  ni's  nppnrni*.  motion  in  longitude,  the 
logarithm  of  which,  in  seconds,  being  added  to  the  log.  eo-sinc  uf  the  mtan\  uf  the 
apparent  latitudes  of  the  moon  at  the  beginning  and  end  of  the  occultation,  rejeeti|)elO 
in  the  index,  will  be  the  lo::arithm  of  the  motion  of  the  moon  on  the  peiallel  FA.  ate 
relative  motion  in  latitude        is  found  hv  taking  the  difTercnre  of  the  moon's  npparmt 
latitudes  at  the  beginning  and  end  of  the  eclipse  if  they  are  both  north  or  both  south; 
but  thehr  sum  if  one  be  north  and  the  o^r  south.  From  the  logarithm  ef  PA,  ineren 
ing  th"  Index  Iqr  10.  >ublra('t  the  logarithm  of  AI/,  the  refnaindcr  «  ilt  !  (  the  lojf.  tangent 
of  the  angte  of  inclination  DSB;  this  angle  is  to  bo  taken  f^rtatrr  than  S*t  when  the  dif- 
feaence  of  the  moon's  and  Htar's  apparent  latitudes  at  the  l)oginning  of  the  occultation 
Vv  is  s^realer  than  at  the  end  EL,  otherwise  less.§    Then  to  the  log.'  co^eecant  of  the 
angle  of  inclination,  a  1«1  the  logarithm  of  the  n  iatiNe  motion  r\.  the  sum,  rejecting  lO 
in  the  index,  will  be  the  logarithm  of  the  ^parent  motion  of  the  moon  in  her  orbit  FL. 

Then  in  the  tiiangte  SFL.  the  sides  SF,  Fl..  (representing  the  rorrected  semi-dln- 
meters  of  the  moon  at  the  immersion  and  emersion,)  and  the  rel  tti\e  motion  PI.  are 
f^ivrn  to  ftnd  the  angle  FSB  (by  Case  N'T.  Oblique  Prig.)  Thus:  to  the  lo^.  ar.  r«. 
of  FL,  add  the  log.  of  the  amn  of  SF  and  SL,  and  the  log.  of  their  ditTcrencc,  the 

•  CorrMled  fnr  the  emVi  of  liw  Mbtei  la  lonf^iade  and  Utitixie.  wlien  known. 

t  ThU  rofpprtlon  mni:  lie  Hsmtd  iiftw  ill*  wlUnide  und  lonpltitdp  of  lf»c  notiae^nuil  nr«-  caicubUgJ. 

t  Tlic  DiHHn  ititiiii)' is  h-^ir  the  sumof  th&lnu  Iatitiir1(*«.  iritfvHn'nr  the  v»n»'- n  .ni».  »Hti  (beir 
difffifrxf  if  .r.iitT>T'<'i  rifiinem   In  M>lsr  eclipws,  the  correction  for  lite  mean  ii«tiUi«l«  of  Uh-  idoou  m 
iie^ii-rtM    too  oiitnii  loivc  takmooHcenf,  ibrdlMsooe  FA  beiaf  tthta  equal  mthe  dMRpweee  af  Isagt- 
tude  OK  (fig.  12.  XII.) 

^  This  ral*  Is  •Kjiiallv  lni«  whether  thf  poin's  h,  L  full  on  tike  «amp  or  on  diiTcrrat  *i<le%  of  tli«ll» 
DE.  If  DK.  EL  an*  •hiimI,  ^ntt  the  poinu  K.  L  fall  on  thr^  '4^vne  sidr  of  l>K,  the  <«nr:}<^  DSn  will  b*  SI*. 
If  liSf  are  aqoat.  a  d  UNMP  poInU  fall  on  •liO'Mrrnt  M^-s  uf  the  linr  DE.  lh«  m'sU'  U.SB  may  be  tmkfu 
^pwt  srebM  Ui  snklnm  vhea  ibr  poiais       iUl  oa  dUTmat  tides  of  DK,  ibe  ai«la  UB  is 

FD  EZi 
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sum,  r^ieeting  10  in  the  index,  will  be  the  log.  of  the  difference  of  the  segments  FB, 
BL ;  half  of  which  added  to,  and  subtrat-ted  rrom  half  of  FL,  ^vill  (;ive  the  two  segments 
KB,  BL,  the  greater  segment  being  cont^ous  to  tite  greater  side,  n  hcther  SF  or  SL. 
Then  from  tho  lofrarithm  of  tlic  sc^mont  FB,  increusiiij^  its  index  by  10,  eubtrnrt  the 
logarithm  of  6F,  the  remainder  will  be  the  log.  sine  of  the  angle  FSB,l|  which  is  always 
less  than  90-*.  The  difereme  between  this  and  the  angle  e?  inelinaiton  DSB,  will  he 
Uie  central  angle  DSF. 

To  the  log.  co-sine  of  the  central  angle,  add  the  logarithm  of  the  moon's  correctrd 
Mitti-diaaeter  at  the  inunersion  SF,  and  the  log.  secant  of  the  star's  latitude,  the  sum, 
rejecting  20  in  the  index,  will  be  the  logarithm  of  the  apparent  diH'crence  of  longitude 
of  the  moon  and  star  nt  that  time.  This  is  to  be  subtracted  from  the  true  longitude  of  " 
the  star,  if  the  central  angle  is  less  than  ,  but  added,  if  greater  than  90  ,  tlic  sum  or 
difference  will  be  the  moon'ei^yfMrnil  longitude ;  to  this  must  be  mUed  the  nKbon*a  paral- 
lax in  lon;;itu(lc,  when  her  distance  from  the  Nonagcsimal  (found  as  in  ProMdn  V.  by 
subtracting  the  longitude  of  the  Nonagesimal  from  the  moon's  longitude,  borrowing  360^ 
when  necessary)  is  graofer  than  180"^,  otherwise  the  parallax  roust  be  axibtracted ;  the 
■um  or  difference  will  be  the  moon*s  tnu  longitude  at  the  bcp;inning  of  the  occultatiOD. 

Take  the  difference  in  seconds  between  the  triif  longitudes  of  the  star  and  moon  at 
the  beginning  of  the  occultation,  to  the  logarithm  ol  which,  add  the  arithmetical  comp. 
log.  of  the  moon*s  horary  mothmf  in  Keonds,  and  the  constant  logarithm  9.55630,  the 
sum,  rejecting  10  in  the  index,  will  be  the  lof^arithm  of  the  time  from  the  conjunction  In 
aeconds,  which  is  to  be  added  to  the  observed  apparent  time  of  the  beginning  of  the 
oeeultalioii,  when  the  ttat*!  longitude  is  greater  than  the  moon*s  true  longitude  at  t^t 
time,  otherwise  subtracted;  the  sum,  or  difference,  will  be  the  apparent  tune  of  the  tflie  ^ 
ecliptic  conjunction  of  the  star  and  moon  at  the  place  of  observation.  The  difference 
between  this  and  the  time  of  coigunction,  inferred  from  the  Nautical  Almanac  by  «  . 
FraUem  III.  ItordiomeridiaB  of  ChrMnwich,  wOl  he  the  longitude  of  the  pla^  Ifco^ 
responding  ohscrvations  be  mvule  ut  different  {daces,  it  will  be  much  more  accurate  to 
.deduce  from  them  the  time  of  conjunction  at  each  place,  and  take  the  diflercnce  of  those 
thnea  tor  the  dilferenee  of  meridians,  if  it  does  not  differ  much  from  the  aupuuedniffius 
cnce  of  longitude.  If  there  is  considerable  difference,  the  operation  mnit  M  Mpealed^ 
making  use  of  the  longitude  found  by  this  operation;  and  thus  bjaocoeailva  opefa^ 
tions  the  true  longitude  may  be  obtained. 

The  long,  of  the  plaeo  of  obaemition  being  accurately  known,  the  errors  ^tlw  Inoar  ' 
tables  in  lat  and  long,  may  be  easily  found.  For  thf  difference  brtneen  the  moon's 
true  longitude,  deduced  from  iht  observations  by  the  abore  method,  and  the  longitude 
found  firam  the  Nautical  AJmanac,  will  be  the  error  of  the  tables  in  longitude.  To  ftnd 
the  error  in  latitude  proceed  thus :  To  the  log.  sine  of  the  central  angle  DSF,  arid  tho 
logarithm  of  the  eorrected  semi-diameter  of  the  moon  at  the  immersion  SF,  the  sum, 
rejecting  10  in  the  index,  will  be  the  logarithm  of  the  appaient  ditference  of  latitude  01 
the  moon  and  sUr,  which  added  to  the  tme  latitude  of  the  star,  with  tho  sign  +  if  the 
point  F  falls  beUno  the  lino  DF,  hut  with  the  sign  —  if  abort,  will  p;ivc  the  apparent  lati- 
tude of  the  moon  at  that  time,  the  diflerence  between  tlii.n  and  the  apparent  latitude 
found  bj  Prauem  V,  wiB  be  the  error  of  the  tables,  always  supposing  the  sign  -f-  to  be 
pitfiied  to  sanrttm  htitBdM,  the  sjgn  —  to  n  or/ /ic  rn,a]id  noting  the  signs  as  in  a^efan.* 

REMARK. 

In  the  two  preceding  Problems  the  time  of  the  true  conjunction  is  calculated  by  menus 
of  the  triangle  8FD,  but  it  will  he  useful  for  the  purpose  of  verification,  to  go  OTcr  the 
(Calculation  by  means  of  the  triangle  SLK,  The  proee^s  is  nenrly  the  same  in  both 
methods.  The  differences  consist  in  finding  the  angle  LSB  by  subtracting  the  logarithn^ 
»  of  SL  ftmn  the  logarithm  of  LB,  increasing  iu  index  by  10,  the  remainder  will  be  the 
log.  sine  of  the  arute  angle  LSB,  which,  added  to  the  nt.^le  of  inclination,  (found  as 
before)  will  j^ive  the  central  angle  DSL,  with  which  and  the  distance  SL,  corresponding 
to  the  end  of  th&  eclipse  or  occultation,  may  be  found  the  apparent  diff.  of  longitude  be- 
tween the  sun  and  moon,  and  moon  and  star;  this  is  to  be  added  to  the  longitude  of  tho 
sun  or  ??tar  nt  th^i  time,  if  the  central  angle  exceed  90  \  otherwise  subtracted,  the  sum 
or  difference  will  be  the  apparent  longitude  of  the  moon  corresponding,  from  which  the 
time  of  the  ecliptic  conjunction  may  be  obtakied  as  befbre.  If  the  central  angle  oxeoed 
180^  the  sine  and  co-sine  of  tiie  excess  of  that  angle  above  180^  must  be  found  inslead 

of  the  sine  and  co>sine  of  the  central  angle.  .  ^  •  / 

TbeaMmreni  Istliwleor  the  moon  Is  IbvBd  as  fa  Oe  Bi«eedii«nilet,(igraMUnf  awaf  iheetaCial 
■nsrit  D6L  nn«i  the  vnliip  SL,  correspondlBf  lo  Ibe  «inI  of  tbr  ccii|ist  or  occallsHom  wisnns—f  Be 
dcanesd  the  npftarent  latitwlc  anil  the  mrroroTlbp  l^blm  ill  Intililde. 

It  is  evident  tlut  Iwtb  ilieM>  met)i(>«1<  oai^ht  to  ^Ivp  itie  mme  mulLs  nwl  that  furnhh  a  proof  of  the 
cnmrtniKs  of  th»*  rakulalinn*.  All  these  ralrnLuioas  ninv  be  made  by  proportion*!  k>|jSfklMBS,  by 
reailiiv;  in  lli^  nile,  loif.  r«>-f,Ti);^  for  lojj.  tnnj.  lop.  ro-«erant  lor  lofj.  sine.  te.  n*  »**aSBilonSdat||n 

»r.<l  o'        rul**  in  I'mUrm  V.  ami  l>v  uMfig  ti>e  cmM»i<'it  li>g  0.}77>  m»tettil  ol  3  V>faO.  .  ^ 

I  'i  When  SK=i>L  theao^'ie  inav  b«f  luuadSS  miHc  ootr,  M^idi  l>li^  iiuirli  loiMge&Sa. 
'  f  When  this  varies,  it  oust  Im  lakea  to  raiTNpoMl  to  ibo  mlddl«  time  bciweao  the  iaimciitao  and 
me  eonfaoetloa.  •  8ceBo(s;wMidibmsrhiBneAN.  «    .    .  > 
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AMPLF,. 

Shp]x>sc  in  H  place  in  (hp  taUlndo  of  2^)°  0'  N.  luii^'iiadi-  lb.  9in.  OH.  t\st  of  Orcrawicb  Lr  rtluiMition, 
the  occuliation  ol  8piru  liy  Ibc  Mwn  on  L»«c.  12,  lOOB.  wa»  obstTxcd  ;  the  iniiiirrsion  at  Ittb.  6"'  29  '.ewK-f- 
>ion  nt  li^h.  10  Z9  ,  apparent  time  by  astroiiomical  ci>ni|m(atjuo.  Requirctl  ibe  loagitndc  of  the  pbkce  oc* 
oliscrvaiion  7 

M«rtl  of  the  elprifit.-.  in  the  fo!lou1nir  Tabl*"  nre  ral«-ulalrd  by  ProbiMn*  I.  TI.  and  VI. 


KL.S^iKNfS  «>E'  THE  tM'CWLT.^TlO.V. 


IMMI-KSION 


E91KR810.V. 


Appnrcnt  timM  of  oUvrv«t:on  .... 

klAtiniaiitl  lonpiuiili-  K.  from  Circcnu  idi 
|Siippo»c<l  liiiii>  at  (iioenwich    >      .      .      .  . 

'  •)'»  rich!  BMH-nhiun  ...... 

•Laf.  of  plarc  20«  0  — Rcluc  Tab.  XXXVIII.  T  22" 

,<>Mii|'ihy  of  the  ci-liplir  

J)'h  lung.  I)_v  N.  A  Frob.  I  

I.r)n(;itii«lc  of  thr  N(innf:ei»liiia1,  liv  Pnib.  IV. 
5'*  long-. — Long.  Non»gPs=  J) 's  flisL  from  KcnatjcJ 
Tills  disuince  or  ils  »upp.  to  obU"  ii  arcb  D. 
Alliiitdo  of  Noiintroinuil  Prob  IV. 

t)S  horiKonlAl  parullnx  

— l{»'dur.li<Mi,  TnbU-  XXXVIII  

Heducfd  panillax  

J)'s  S.  Di.iin.  hv  N.  A  — IiiOexioii  2"       .       .  . 
Add  ccirrection  Tahlf^  XLIV. 

D's  corrrctml  spnii-uiainticr  .... 
^'s  borark-  rni>iio.i  in  loug;itudc  bv  I'rublrm  II.  Ki.  !♦ 
ihintliax  ill  binoitude         .  '    .  . 

^'s  ajiparcnl  ion{:iuidc  

DifTfrenc**  of  J)'.*  «pp.  longiludos  .... 
P's  cnie  Int.  by  S.  A.  Prob.  1.  .... 

p's  parallax  in  Iniiiiide  

p's  aptwirent  la'tiiiuir  South  

■^'i  tr.  lat.-  laL  T.  XXXVIL  Sr»  2'  l3".a  S— T.  XLI 
DifTerenrc  ]>      app.  Kit.  ..... 

OiflVrence  of        app.  latifitdM  .... 

y^c'H  tr. lonff.=LLoi)p  lati.  XXXVII.  aOl"  10'  2D' .5+Tab 
XL.  H"-6^Tah.  XIJ.  10  .1.  . 


South 


0". 


d. 
12 

12 


h. 

16  57 
I  9 

15  48 

17  20 
I9"52 
23  27 

200  7 
149  15 
50  52 
50  52 
81  17 
59 

59 
18 

16 
35 
46 

200  54 


1  55 
10 

2  5 
2  2 

FD=  3 


SF 


29 

0 
29 
49.0 
3B 
39 
SCJ 
65 

I 

1 

32 
58.S 
1.4 
509 
I6.» 
10.4 
27.S 
51.7 
95 
21.S 

II.O 
23.6 
34.6 
13.3 
21.3 


201  10  30i7 


d.  b.    ■  " 
12  18  to  23 
1    9'  0 
12  17    I  23 
17  21  1^; 


The  difTprencc  ol  die  apparent  latididps  of  the  Mo»>»  and  Hiar  ai  ih*  l)«-^lfinfn5  of  Ibe 
S  21'  .3  bfiiie  lesi  than  at  the  end  6'  64".2  the  anple  of  inclination  is  less  than  fO'.  In  ihU  . 
moon'x  latitude  is  more  southerly  than  tlu«  star's,  beiire  the  points  F,  L,  fall  below  the  Uoe  DE. 

Diir.  app.  Ions:.    ])    '>•■   «»"o-.o_«-.-       .      »   • 

])'s  mean  app.  lat. 


3f   8"  8=. 1 868'  .8 
2    7  21 


DislADce  FA 
D's  diff.  lat  AL=3  32.3=212  .9 


loclinatlon 


8S»  00' 


Apparent  motion  FL 
lu  oriih.  comp. 
BF  4-  8L       =    32  58.1 
Diff.  SF,  SL 

Di/r.  segments 

lU  half 


1879  .S 

1978  .1 
3  .5 


log. 

COf. 

log. 
log. 

tnn. 


log. 


3  .7  lo£. 


FL 

FB 

SF 

FSB 

71 »  49 

tnclioatlon 

83  30 

DiflT.  is  cent,  angle 

It  41 

SF 

f  .8 
939  .8 

936  .0 
987  .3 


log. 
log. 

sine 


3.271i€ 
'J.  99970 

13.27126 
2.32818 

10.&1908 


6.72SM 
S.2ae25 
054407 

0.56626 


2.97220 
2.99445 

9.5m75 


Star's  lat. 


20  2'    13  • 


c(»-sioe  9.99091 
log.  2.99445 
see.  10.00027 


Diff.  app.  long.  D  ^  oor' J  =  i6  7.5 
)|c  longitude 

^'s  app.  long. 
|)'s  (nr.  long. 

P'%  true  long. 
Viff.  tnip  long. 
!>'<  bor.  mot. . 

Time 

Immersion 

Conjunction 
Conjuijcliou 

Difl".  of  meridian* 


201  10  30.7 

200  54  23.2 
—  46  25 

200  7  5t(.2 
3752-fc  1  2  32.5 
il53.5       35  53.5 


lo^.  2.98563 
by  obJ. 


const  S..>5630 
\OK.  3.57432 
log.CO-ar.  &6t;686 


exaaapleihc 


t39445 


6m 


1  44  33 

16  57  29 


log. 


3.79748 


1 8  42  2  at  place  of  ohserra- 
17  33   0     tion  at  Greenwich. 


1    9  2 


FD  190  ".9=: 
Ha  lat 


3'  19-  .9  looL  Tjena 
2  2  13  .5 


lat. 

bit 


ft's  ap. 
D's  ap 


Error  Tab. 
P'»  tr.  Ion. 
D's  tr.  loo. 


J .  5  33  :j  br 

2   &  34  .6  by  M.  A. 


~~   1  .4  io  bu 
200   7  58  .2  bv  oh<. 
2n0   7  56  .3      N.  1. 


Error  Tab.  + 


1  .9  in  loQp. 


•  Tba  moon' 

h '  ^'^^'•♦•n  immiTsion  I6h.  57'  29"  and  the^conjunction  ion.,s  ^uroow 
Vrh«i     ih^i.^  AlmaiMic)  ibr  borai^r  moUon  %vas  *J5'  ^^'.5  0$  is  ca<•^^•  fcjiind  br  a  calculation  Mmilar 


IK  nation  varies  from  35'  51'  .7  to  S5'  54  ".2  during  the  ocrulufion,  be««  at  tb* 

I    1  ii        l^tw«'<'n  the  immiTsion  I6h.  57'  29  '  and  the  conjunction  I8h.  42^  (drdncej 
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TO  FUIO  TBS  LON^ITODB  BY  AM  SCLIPtB  OF  Ttt£  BVSt,  589 

Tbe  difference  of  meridians  <!<  iliiced  from  the  oliservatlon  lb.  9'  ?"  didors  Imt  2" 
£rom  the  asMimed  quantity  lb.  9'  0".  If  the  difference  had  been  cutisiderublc,  it 
iTMiId  have  been  necessary  to  repeat  the  operatSim  wttli  tbe  ditferenoe  of  meridians 
thus  calculated,  and  so  on  tB  Hie  MMimed  aad  calnilrted  loegitudes  agree.  TIte  errors 
of  the  tables  above  found  were  deduced  upon  the  suppositioti  fliat  llie  observations 
were  actually  made  at  the  pla^  mentioned  in  this  example,  and  Ibut  the  true  longitude 
of  the  piece  of  efaeervetiqpi  was  lb.  9  0^.  For  it  must  be  observed,  tbat  tiie  errors  of 
the  tables  in  longitude  cannot  be  found  by  an  ohscrvalion  of  an  eclipse  or  orcultntion 
without  knowing  by  other  observations  the  precise  luagitudc^f  the  place  of  obi<erva« 
Hon.  Thuris  evident  by  obeying,  that  by  repeating  tbe  operation  till  the  assumed  and 
^eieulatcd  loTigitudc  of  tbe  p\^ce  of  observation  agree  with  each  other,  the  long,  of  the 
moon,  dediu-ed  froni  the  calculation,  will  agree  also^vitli  the  longitude  by  the  tables. 
The  lime  of  cor\iunclion  at  Greenwich  17h.  Si'  i)'  taken  from  the  Nautical  Almanac,  is 
lieUe  to  a  snail  error  fivm  the  ineorrectnesB'or  tbe  tables.  To  obviate  this  error  it  will 
|)c  HLfcssary  to  deduce  (by  the  above  method  or  by  Problem  IX.  when  only  the  bcgin- 
uiug  or  end  u  observed)  the  timo  of  conjunction  from  observations  actually  made  at 
two  places,  the  difference  of  these  times  will  be  the  didcrenee  of  meridians  free  Grom 
Ihe  errofs  of  tbe  taUes. 

PKOULKM  Vni. 

'J  o  find  the  lon^tude  of  a  place  by  an  eclipse  of  the  sun  wheu  the  hepnning  or  end  oiUy 
/•  eftMTMd;  ike  wfpmreni  time  being  esHmmed  fion  neoii  ft  fiem,  oeconfm;  fo  the  method 
fi/mtm»emens  dUlMiie  Iff  the  phee  being  idaoknMen, 

KLLE. 

'Va  the  upmrwnt  lime  Amrfy  the  eftimstrd  lonfrftade  of  die  pTaco  In  ttiur,  \>y  afkline  if  imf,  sDbUMt 
Jl^lf  (ccl,  the  turn  or  dlfltTencc  will  tiC  thr  jiupposrd  litnc  ni  (iri-emvicli.  Ccrre.sno.nlin"'  li»  ihis  \Uvr 
in  the  Nautical  Almanac,  find  by  rrot)ti;m  I.  Ua>  mooo's  snui-itinniPter.  horirunmi  |Miralfnx,  !.iQ;.'iiu<li-, 
<«n(l  latitude',*  and  tlie  *un'a  .icnii-'tMMieier,  ioo^ilude^ ami  ri^i^lit  a^'  .- i>i.  n  ;  :'!s(i  tii^  iiioo!'.\  \utnny 
muiiun  from  (lie  ftun  hy  Prol)l«i»  1 1.  Iiocrens*- ihe  sun's  M*mi  iliaimlcr  .  /  lui  ir.  udiiilion  ])«-.  rifasf 
thr  muun's  semi-dianteler  2  '  lor  im /'7t^  .u.  ,i  il  to  tlic  rnnaindor  add  ll»t:  <  m  !  ■  i  !i<iii  to  T<d>le  XI.IV'.  I 
tb^  ^uiu  will  be  tbe  moon's  comctcd  &eM)i-<ti'i'>icu  r.  Find  aUo,  in  llie  Nautical  Aliiiaiiur,  (lie  el>.ii|uity 
of  tli«  ecliptic. 

Witli  these  clement*  and  tbe  appftreat  lime  at  tbe  place  of  QbaerTation. citkuUte  tb**  alliiude  sr.*!  lon> 
fl^itadt  of  tbe  nohagcsimai  by  Problem  IT.  and  the  paiiillaws  la  loogHuM  and  laUiwIc  and  tbe  loooa** 
apimrrat  Utilmle  by  ProUeai  V. 

'fo  tbe  sttra  of  the  ooriacied  send.dlamc«m  «f  the  na  aad  noon  ail  aod  mA^ 
btlnidfl^aad  iad  the  loganthms  of  tb«  mm  end  d(^b«Me  In  aecmMlis.  Half  tbe  mm  of  these  two  lsfa« 
itlhan  will  be  tbe  logarUbm  t  of  ai;  arch  In  secondt,  to  lie  added  to  the  tun's  lon^'itude  If  tbe  ptniw  U 
after  thr  npp;\rent  ronjtini  tinn,  but  sutilracfii  if  l)e''"re;  ^  the  mm  or  diflTerMice  will  Iw  th«»  apparen! 
longiluiie  o«  ihe  nK>on.  Tu  tliis  add  itiV  moon's  |)arallax  in  loujfitiule  when  tbe  inoon'«  distance  mun  t'je 
Dor.a^'fsIinal  (fgundas  in  Problem  VI.  by  $ut)#BCtin(^  the  lunciiudc  of  tWe  noonfffimnl  from  tl  c  uyun's 
lou^ilu'le,  borrowing  360*  when  necessary)  ii  frialtr  than  lUJ'.  ollierHi^e  subiratted.  the  sum  or  «Jiiri-r- 
ence  will  be  the  fr  .u  lnn|;itude  of  tbe  moon. 

Tnlie  tbe  dWerence  in  seconds  between  tbe  true  lorpitudes  of  the  sun  and  iti()on,Rnd  to  its  lo'^mrithm  mid 
Ibe  arithmetical  complenient  log.  of  tbe  raoun's  horary  motion  from  the  •»nn  in  »rcond<,  and  liie  ronMjint 
logurithm  3.55630,  the  sum,  nMCtio^  10  in  tl»e  iiidex,  will  l>«  the  logaritiim  I  of  ihe  i-orrcctioa  »l  tbe 
^veo  time  expressed  in  aeeoBOI.  This  is  to  be  added  to  tbe  ai^rent  timeofolwervntiMn  when  ihi  moon's 
true loagltnrte  b lew  tbao  the SM»%o«berwise  sobiracted ;  iliesaiaerdUliefenoe  will  be  the  time  t>r  :he  tn:e 
«on|iinams  ai  tbe  plaes  of  observatioa.  Tbe  diflTereoce  beuveen  Ibis  and  tbe  itiDe  of  conjunct  ion  iofcf' 
redfrom  Ibe  Naalkal  AIombsc  for  tbe  meridisB af  Oncnwleh by  PseUem  III*  will  he  tbe longhade of 
<h«  place  of  obterration  in  time,  (upprxini^  tlie  Itraarand  Mitr  tables  to  be  correct ;  ImM  It  ta  rooch  mars 
accurate  to  compare  a>  iual  obs^'rvaiion*  niadt-  at  difTereni  places,  bv  ■lediicinp  thf  tirat-«  of  the  c*cl!pft(. 
•conjanction  Irum  each  observulion,  tbe  dilTercncc  of  ihi-v?  tunes  will  I>c  the  dUl'ereoce  of  longitude. 

KX.\MrLE. 

At  Salam,  la  tbe  latitude  of  42<*  33'  30"  N.  longitude  by  estimation  th.  43  32 '  W.  from  Ureeawicb,  tlitf 
HcglMABf  of  lbs  total  ecapse  of  JaaOi  l806u  was  ubtcrved  at  I6d.  i2b.  u  is  .1  ajiparsat  ttnw  bf  astse* 
jMMBlesleaSMMtsilaB   ltai|Bbad  tbe  looglttMe  of  tbe  phm  IhMB  tbia  obtenraiion  i 

Tbe  elements  oraic  ba  cakolBled  as  biibe  esassple  of  Ptobkin  VL  for  tbe  tiegioninf  of  tbe  rclipiin^ 
except  those  marited  is  Italics.  The  ssst  sf  tbeesfculalleB  anjr  be  nsde  by  prapoiuoaal  kgarlibaM 
as  follow  s : 


•7  —————— 

*  Tbe  hwfitudeaod  btUude  mast  ba  corrected  Cor  tbe  errors  of  the  tables,  tvben  known,  by  a  prcvion* 
operatloo«  or  bjr  otbbr  afcserrattees. 
t  This  ojrrectlon  must  be  foirod  after  fba  aMtwIa  and  longitude  of  the  D.»nnf:esini»l  are  calculated. 


t  These  calculations  may  be  made  la  tiw  saaM  maaoer  by  using  »oi>octU)nal  logarithia^  the  only  dif- 
ference couaicts  la  asisff  the  oaostaai  logariAm  dim  laMi  of  3.66ti30  hftiaBag  the  tfaaa  ot 


con  i  unction.  ,         j  i_ 

Clii  t'oncral,  ihc  L.  '^uiirui?  of  an  eclipvc  or  occultation  pro<-ci!ei  tho  afipiront  rmijnnctmn,  and  tVp 
eud  is  an«r  the  ajiisireilt  conjunction,  but  there  is  a  cn*e  (whirli  vcrv  r;ir  el\  ncrur«.)  wiiere  Uic  coninirir 
may  mlie  placf ;  nHm.tlv,  where  the  point  Y  nr  L,  (P.  Xll.  tij.  i2-  I  I  ills  l.et\vc.Mi  c  and  11.  whicU 
can  happen  only  when  the  line*  FD,  KL  arts  nearly  eqanl  to  fsi-  nr  i>L.  In  il.i«  ca»c  it  may  I"-  ascrr- 
tftined  whether  tbe  phase  precedes  or  follows  tbe  conjunction  by  i.i.ikmj,'  tlie  ralcolalion  a»  in  I  rub. 
orTILwliitlbe  thaesof  Winai^Kaadeud^calcnlateribj  Problem  XllI.Aod  m  Um  central  ancle  Is 
wnater  ar  lass  thai  tbepiaw  wflUMlaw  or  prawlctlia  apparsat  coitfaBctten.  The  failUMdss  glTsa 
fif  ite  ttUls  bsisf  iSfppoiM  correeu 


•  « 
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TO  FJSJ>  the  LONOITtD£  aX  JLS  OCiX'LTAnu^* 


>  A|i|wlat.  I  &S  ^ 

S4  19  .3  P.  L.  tM9t 

U.Q.  .     30  27  .7  P  L.  C;.t7l* 


Sum  1.4912 
IfaJf  sum  Arch   32  M  t.  I. 


8S  4«  £6  ^ 

0  True  long.  .  84  41   3  .4  CoB<  log.  flAtXl 

9  Uor.  moc  Tr.  ®  •         91  H  4  A  C«i    K>  ftSna 

TimermncoDj.  th.8t'lS"  P.L 

.  AiifbllneolM.  g  18 

A|>p.  ronj.  fn).  m        1*>  23  37  31 
App.  toiij.  drcfp.       Iti   4  I'J    by  X.  A- 

DifltMerl.1.  4  41  i» 

f i  we  tuupoic  tlie  time  oT  coojunetioil  at  Greenwich  to  bt  4h.  SIK  47' ,  •»  cftloi!at«d  in  Ite  < 
I'-ruHUna  VJ.  the  dUnireace  «jr  meriitiaiM  would  be  41i.  48'  l8",Mic«iaf  nceriy  wiih  tfe*  MRUMd  kw^ 
luiie,  so  that  It  wIH  not  he  menmrs'  tn  n>(^eiit  ibc  opemilm.  tlie  rcMMfkt  at  th*  «al  «f  ilni  ffTiflit 
ri-siMTiio^r  titeerron  of  tii<-  Iuimi-  lAiiirs  und  ibecun^ariof  o(Mtinlobicrv»iiaw  at  diAfa«  fjifar, 
aVu  f<iuull^-  HfifKcaUe  lo  U>c  pi  c^eut  Tioblvui. 

.  PROBLEM  IX. 

T^find  the  hngUude  of  a  place  by  an  eeculMim  <ff  a  jUni  dmr  fty  tAe  wmn,  whm  fW 

iminersicni  or  emersion  only  is  observd,  the  npparrn!  time  brine;  estimated  frotn  noor  t0 
MflPUi  according  to  tlu  mUhod  qf  astromoiiu  s,  and  Ihe  taliiudc  oj  the  plmct  hting  knacg, 

RLLE. 

To  the  apparent  time  apn^y  the  estimatt  ;1  longitude  of  the  place  turned  into  time,  W 
adding  if  icestf  sublractiii^  li  ea^t,  the  buin  or  tlillcrence  will  be  the  supposed  time  at 
Greenwich.  At  this  tiine  find  in  the  Nautical  Almanac  the  sun's  ri^t  asceiuion,  tLe 
nMK)n's  scini-dianictcr,  horizontnl  parallax,  longitude  and  latitude  ♦  by  Problem  I.  and 
the  moou'S  horary  motion  by  Problem  IK  also  the  latitude  .and  longitude  of  the  fixed  star 
by  TM)leXXXVn.  and  correct  it  forabemtion  and  eqoition  of  «qniiMi»  hfTMet 
XL.  XLL  Decrease  the  moon's  e»em>-diamcter  St^  fof  inflexton,  and  to  the  remainder 
odd  the  aiicrnivntation/roni  'J'abic  XLIV.  f  the  sM\  will  he  the  cnrreeUi  serai-diamctcr. 
I'iad  aJto,  in  I'.ic  Nautical  Aln»anac,  the  obliquity  of  the  ecliptic.  With  these  e\e- 
mcnts  and  the  apparent  time  of  observatiMi,  calculate  the  attitude  andlongitode  of  the 
Nonn;;csiinal  by  Problem  IV.  also  the  panllazet  in  loii|ptiide  and  latitude  oC 
moon's  apparent  latitude  by  Problem  V.  % 

Talce  the  difference  between  the  latitude  of  the  star  and  the  app.  lat.  of  tte 
which  add  to,  and  subtract  from  the  moon's  c  orrected  semi-diameter  (these 
tiea being  expressed  in  srronds)  half  the  sum  of  Ihc  logarithms  of  these  qaanfilics  b 
creased  by  the  log.  recant  of  the  star'.s  latitude,  rejecting  10  in  the  index,  will  U:  the 
logarithmt  of  an  arch  |q  seconds  to  be  added  to  the  tiiar^s  iougitoide  if  the  raaon  ka0 
passed  the  n;>parcnt  conjuTutim,  Imt  sid)tractcd  if  hcforr,  §  tlir  sum  or  diflcrcnce  will 
be  the  apparent  longitude  of  the  moou.  To  this  add  the  moon's  parallax  in  longitude 
when  tiha  moon^e  cHslanee  flrom  the  nonagea&iial  (found  as  in  FroUeai  XU.  by  si^ 
trading  tiie  lon^ittidc  of  the  nonagesimal  from  the  moon's  longitude,  boitowiny  9UP 
yibma  necc"»ary)  is  j^rentcr  than  1S0\  otherAvise  subtract  it,  tlic  sum  or  difterenf* 
will  be  the  Li  ut  longitude  of  the  moon.  Take  the  difl'erence  in  seconds  beti%eea  the 
moon  and  star's  true  longitudes,  and  to  its  logaoritltBi  aM  the  arithmelieal  conp.  log. 
of  the  moon'.H  horary  motion  and  the  constant  loprarithm  3.55630,  the  ?um,  r^ectinj^ 
10  in  the  index,  will  be  the  logarithm  ^  of  a  correction  in  seconds  to  be  applied  to  the 
given  tine  of  observation  by  addmg  nhen  the  moon*s  true  longitude  b  less  tfcaa  the 
star's,  otherwise  subtradingy  the  sum  or  diiference  will  be  the  time  of  the  true  con- 
junction at  the  place  of  observation.  The  difference  between  this  and  the  time  6f 
conjunction  inferred  from  tho  Nautical  Almanac  by  Problem  HI.  for  the  mcrid»a 
of  Greenwich,  win  be  the  longitiule  of  the  place  of  <haewatioa,  if  tha  tdilea  tm 
rect ;  hot  it  is  mucli  move  acenniie  to  compare  the  timea  of  cotqunctton  4e<— ^ 

•  Corivcteil  for  the  errors  of       inMe-  in  longitude  or  latidid*-  when  known. 

t  Thi«  correction  must  Ik-  fonmi  afifr  ihealuiudc  and  lonjjitutle  of  tlie  liOiwgrsimal  are  caJruit**!. 
^  See  note  with  this  mark  in  589. 
nlJtJ?'^'^^!  loraritliiM  maj  be  u««d  instead  of  common  kwariibms,  ib»  coMtaMk|0ttUbsi)(eii«£ 
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from  acCotl  oboervalions  at  the  diflerent  places  in  the  manner  mentioned  at  tlio  end<«€ 
tiM  fide  mtnn  in  Problem  Til. 

EXAMPLE. 

Suppose  in  a  place  in  tiie  latitude  of  20^  O'  N.  longitude  by  estimation  Ih.  9  0"  ea^t 
j0rom  Greenwieb,  tbe  enenion  of  the  star  Spiea  wm  wsemd  on  December  18,  aft 
181k  lO'  29'',  apparent  tbw  l»f  ■■tromMBical  eonpotatioD.  Re4|iiired  tbe  kmgitiide  oC 
thejplace  of  obsiervation  ? 

liw  elementa  muat  be  calculated  aa  in  tbe  aaaqile  of  FroUem  YD.  fbr  the  emenipa 
pfSpiea.  Tbeieatortheeakiiiation,  BBadebgreorooioiilosarittuns,  baalbOoirf.  . 

Jt  peml-dlametcr   vV  SO  '.8=090  .3 

ii'fi.  app.  IM.^^  6  5*  £  414  J2  *  I 

8am       1405  A  Iof.3.l4W« 
iDUTcreaoe  616  .6  log.  2.76087 


Sum         4.90aj5    ib  LjIk  £..'?j4>:7 


Aich       '  15  O  C  ^  flgy'ji  lof.  ^4)5454 

^  loi){;itude  201  10  n  t  .7 


i 


upfi.  long.  201  26  3J  ^ 

par.  loaf.  SS  M 


^  true  ionir-  200  61  37  ^  Ooilftanl  SSXtJO 

iiifT  urue  loBf.  It  £3 .4  s  11914         lof.  3.06439 

])  horary  moitai         85  54 .7  as  SI54.7        ce.  tog.  &ee8tit 


Tlma  81  34    s  1894  .  S^Ta> 

TlnaeTofat.  i<  lOS  .  . 


(.'aixj.  at  pl.icf  ohs.       1 3  12   ii       by  olic. 
tJonj.  at  (jrreijwich     17  J3   0  bySi.A> 

rrtfTerence  nK-rid.         19  3 

.  The  diflerence  of  meridians  by  calculation  Ih.  9'  3''  differ-^  but  Y  from  tlip  tii.stinif  il 
longitude,  ao  that  it  will  not  be  neceaaary  to  repeat  tiic  optration.  All  the  remarka 
made  at  the  eud  of  tbe  example  in  Problem  Vli.  aie  appUeaUe  to  thits  proUon.  It  may 
also  be  further  obs«rved,  that  the  emersion  or  immersion  which  happens  on  the  dark 
limb  of  the  moon  can  be  observed  with  much  more  accuracy  than  on  the  enlightened 
limb  {  beeame  tbe  Ugbt  firom  this  limb  prevents  the  observer  ftom  perceiving  the  slarV 
umnersioD  or  emersion  so  instantaneously  as  on  the  dark  side  of  the  moon. 

PROBLEM  X. 
To  e^deukUe  an  utipse  of\he  nuion. 

The  time  of  beginning  or  end  of  a  lunar  eclipse  at  any  place  may  be  f«md  br  snfcr 
tracting  or  adding  the  longitude  to  the  times  given  in  the  Nautical  Almanu<'  for  the 
meridian  of  Greenwich,  according  as  the  longitude  is  west  or  east.  But  as  some  readers 
nmy  wish  to  know  tbe  method  of  deducing  these  thnet  from  the  loR^itades,  faUitudes, 
kc.  of  the  moon  and  .^un,  given  by  the  Nautical  Almanac  or  bj  other  tllMlis,  It  ntJ 
thought  proper  to  insert  the  rule  for  these  calculations. 

An  edipse  of  the  moon  can  only  happen  at  tbe  time  of  the  full  moori.  if  her  longi- 
tude at  that  time  i.s  not  i:i5tant  from  either  node*  of  the  moon^  Olbit  mom  than  about 
li^,  there  may  be  an  eclipse.  To  find  whether  there  will  be  one,  and  to  i^l—u^f  tfan 
times  and  phases,  procctxl  as  follows. 

RULE. 

Find  the  time  of  full  moon  at  Grecnwidi  by  the  Nautical  Almanac  or  Problem  III.  to 
which  add  the  longitude  of  tbe  place  turned  into  time  if  ttut^  but  subtract  if  west,  the 
sum  or  diflhrenee  w3l  be  the  time  of  tte  ecliptic  opposition  at  the  proposed  place. 

For  the  time  at  Greenwich  find  by  Problem  1.  the  moon's  latitude,  horiaental  paraBajf 

and  semi-diameter  (which  requires  no  augmentation)  also  the  pun's  srmi-diametcr. 
Then  by  Problem  IL  the  homry  motion  of  the  moon  from  tbe  sun  in  longitude,  and  the 
moon's  horary  motion  in  latittidc.  . 

^  Draw  the  line  ACB  (Plate  XIL  fig.  6)  and  perpendicularly  thereto  the  line  PCB. 
Sdect  a  scale  of  equal  parts  to  measure  tlie  lines  of  projection,  and  from  it  take  CG 
e^  to«  the  moon's  latitude,  and  set  it  on  CR  from  C  lb  G,  above  the  line  AB  if 
the  latitude  of  the  moon  is  nerfh,  below  if  south,  f  Take  CO  equal  to  tbe  horary  mo- 
tion of  the  moon  from  the  sun  in  longitude,  and  set  it  on  the  line  CB  to  the  light  of 


*  The  lonrlfude  of  the  moon't  OBCfndin^  node  Is  ^ivou  in  the  tJiird  pun;*  «f|be3i 
The  loogittKM*  of  th^  otiirr  node  is  fouiKl  by  addin^r  <ir  «iiljtracljn»  t  himis. 

i  The  nortljeni  Inlltiide.<  found  by  Pn»b.'l.  have  the  sii^n  — .  tho  southern  -f-.  In  the  ftcure  thf  Ut'itotflf 
!*  xuHh.  irU  had  I  ceo  north  tbe  point  U  iQii»t  have  bccu  pUccd  on  the  coiiiinuatlon  OfKC  sljpve  C« 
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Cs  ttcm.  C  to  0.  Teke  CP  equal  to  the  moon^s  borery  notioii  in  l«tiliide»    fiMmi  wiii 

its  sign  by  Problem  II.  and  set  it  on  the  lino  CR  from  C  to  P,  nbort  the  liiif  AB  if  it* 
sign  u  — ,  behu>*  if  -f-.  Join  OP  which  is  equal  to  the  horanr  motion  uf  the  moon  from 
tke  sun,  and  parallel  thereto  tbrougli  G  drenr  tiie  iclatiTe  oftmof  die  moon  from  tlie  mm 
NUL,  on  which  aie  to  be  marked  lac  places  of  tlie  moon  beftHTe  and  after  the  fitH,  by 
means  of  (he  horan-  motion  <)P,  ho  tli:it  th«  moment  of  full  moon,  or  ecliptic  opposttkm 
at  the  propo:ied  place,  may  iall  exactly  on  the  point  ii.  This  may  be  done  by  maluiq^ 
the  extent  OP  eqwd  to  Qie  tranavene  diatanee  of  60, 60,  on  the  line  of  linee  of  the 
S'.^ctor,  then  measuring  from  the  ^iimc  liin  -  ihr  frantVf  r^c  distance  corrfspondiii*  to  the 
minutes  aiul  parts  of  a  minute  in  the  time  ol  full  mown  at  tiic  p!a(  c  of  obsei^atioii,  and 
setting  it  on  the'  line  GN  from  G  towards  the  right  to  the  point  x,  where  the  whole  hour 
preceding  the  full  moon  is  to  be  marked. t  fhen  tiw  diiitance  OP  set  firom  x  to  fte 
ri^ht  hand  on  the  line  LGN  reaches  to  the  hours  preceding  the  full  ntoon,  and  set  to  the 
^(l  hand  reaches  succe^isiTely  to  the  fpUowing  hours.  These  interval  arc  to  be  divided 
into  iizty  equal  parts  repreaentfaig  minntes,  if  tiie  aise  of  Oe  aeaie  wOl  admit  of  it 

Add  50'' to  the  nioonN  horizontal  parallax^  and  from  the  sum  aubtnxri  t!u-  Min's  semi- 
dbmeter,  the  remainder  will  be  the  seou-Uiameter  of  the  shadow  CB,  with  which  des- 
cribe the  circle  ASB  about  the  centre  C.  Add  the  moon's  semi-diameter  to  the  radios 
GBy  nnd  with  tliut  i^«iiu^  describe,  about  the  centre  C,  the  drrle  DRM,  which  If  there 
be  an  eclipse  will  rut  NL  in  the  points  K,  H,  reprcscnlin?;  rcspeclivcly  the  places  of  the 
moon  at  the  beginning  and  end  of  tt.  If  there  is  uu  iutersecttuu  there  will  be  no  ccUpse. 
Dmlw  the  line  CKST  perpq^dicalar  to  LN,  cutting  it  in  K  and  meeting  the  cirdM  ASB, 
DRH  in  and  T.  With  a  radius  equal  to  the  moon's  somi-diamctcr  describe  about  the 
<;entrcs  £,  H,  the  small  circles  represented  in  the  figure  ;  of  which  that  drawn  round 
K  cuts  the  line  CK9  in  the  points  1,  F,  and  if  the  eclipse  is  total  the  whole  of  this  circle 
^\  ''\\  fall  within  ASB,  as  in  iig.  6,  but  if  part  of  the  circle  fall!<  without  ASB.  as  in  fig.  7, 
1*.  XII.  the  eclipse  will  bo  partial.  In  cither  case  the  number  of  digits  eclipsed  may  tir 
obtained  bj  saying  as  the  diameter  of  the  moon  Fl  is  to  the  obscured  part  FS  so  are  1^ 
d^^  to  iSSe  number  of  digits  eclipsed.  When  the  ed^ise  is.  total,  the  beginning  and 
end  of  total  darkness  may  b(  found  by  taking  a  nJins  equal  to  CB  decrca:»i  d  by  the 
moon^s  semi-diameter,  -mil  sweeping  with  it  ruuii  l  the  centre  C,  a  circle  d  e  A  m,  cutting 
I.N  in  the  points  e,  /»,  ruprcrcnl.ng  respectively  the  points  of  beginning  and  end  of  total 
darknefts.  Then  die  hours  and  minutes  marked  in  the  line  NL,  at  the  points  E,  K, 
A,  H,  will  represent  respectively  the  times  of  the  beginning;  of  the  cdipy,  bczin!»iag  at 
total  darkness,  middle  uf  the  eclipse,  end  uf  total  darkness,  and  end  of  the  eclipse.  In 
thb  nde  no  aOowaaoe  b  made  wr  the  oblate  figure  of  the  earth,  the  correction  dob  Ihilo 
Mono  being  mueh  leas  than  the  enroia  of  observation. 

EXAMPLE. 

Require  J  the  times  of  beginning,  end,  &c.  of  the  eclipse  of  the  BOOB  of  Maj^ft^ 
ISOS,  at  a  place  in  the  longitude  of  3lr^  W.  from  Oreenw  ich  ? 

By  the  Nautical  Almanac  the  time  of  full 
moon  af  Greenwich  was  May  9th,  at  I9h. 
39'.  From  this  subtracting  the  lorifjitudc 
•of  the  place  of  observation  iO  W.  or  2h. 
theTsafainder  iTh.  39^  was  the  tfane  of  fbll 
fnoon  at  the  place  of  observ  ation.  Corres- 


Horiz.  Panil 

►    S«?mt-<linim-ier  Bl^ 

ponding  to  the  time  at .  Jreenwi^h,  l9h.  3'.',       ^£^^Zn,.  fr^lL 


  Ek»m<MH*  III  ihc  t.c<ip»t:  .May  a.  IhHi.  X.-*'   

App"".  Umr  ctTty.  ( Jrvvnwica,  itaf  9  i  JU.  iss 
lonK.  nlacf  aO">  W  2  0 

App.  lime  conl.  atplaeeota.  17  90 

iauby  Pnili.L8.deerassiflr    C6 -f>  t»4V'Jl 

16  M> 
15  51  S 


S7  57  .S  I 
2  24  .»l 


euiuicci  uj  i  ron.  i.  ana  ii.  anu  tne  vaiuesiii^  ■""  w'-^  ^  >-*  •«« 

CB,  CI),  C,/,  found  by  the  above  rule.  Upo..  l':  [{Z'  Tr  !!!j^^s^^i^  -  r,'' "       r  J 
the  centre  C  with  the  radii  CB.  CD,  Crf,        v.  s.^d^^   -€)FS8.I).  ^  O-,         i-  p 

*  takea  from  »  aeale  of  equal  parta.  describe  jogr  I**  ^'  ^-   =  <v!     >>t<  31  -3 1 

^*    the,cirelea  ASB,  MRD,  mni.    Draw  the  line  ACB  representing  the  ediplfe,  "and. 


*  In  other  wovds  the  point  P  will  fall  alwve  0  If  the  mooo  is  upproachins  to  tbe  north  pole  of  Ac 
eeUpnc^otherwliis  bslowt  Thai  is,theiioim  P  imiM  Ml  stew  C  if  mooe'»  litawl^  h  ^md  iii n  wfwg 
^r  nsrti  imonmibig.  othmrtM  bdvw.  When  m  ermt  accarmt  v  is  mini  red  the  homy  omCIso  la  MMdr 

■Md  not  hs  kma  by  Prab.II.  loMend  of  which  the  anglr>  ViSP  amy  be  uken  equal  u.  5*  40^,  la  ccttps» 
of  the  mooo  or  sun,  nnd  the  line  OP  fHjual  to  CO  incn>aw!l  by  9"  ur  10":  bat  this  Du>ihod  wilt  not  ans««r 

111  occultntion*,  lo  wUich  the  atiict*  COP  vnrie»  obo*-e  6  deprers. 

f  rtu- (lisUncc  Gr  may  also  fK'rfound  tiy  common  nriUjm»*lic  l>v  snyinj:  RS  COniitiutr*  .ti  c  m  the  r.  iuutrs 
and  sccoivh  in  iht  lime  <il  tul!  mcxm  (which  in  ihv  iins.  ;il  t  vninjil  '  i^.  :;j  m>  is  to  iii.  After  mtfi' 
in»  th«"  hours  on  the  line  LUN  it  i?<  u*iial  lu  diviiu-  Ihrin  su<  c*  >,MVf!)  itito  li;ilvt-<  and  «juarve«  bf  am 
hour,  then  into  frvc  mi:iutf  h  and  one  ininutc 

t  The  senii-ilUmetcr  ol'th*  »hiidow  is  increased  by  the  earth's  atmosphere  from  20"  to  60".  *rcctd^T,^ 
to  tlie  efltimates  of  dlflereaiAatroooiiiers.  Mayw  •appnses  this  correctioo  to  be  ooe  60th:  pirn  »'  ^> 
!S!7>'V  f*^  ^"  *»       The  mean  of  Bliijer'*  certeeUoti  edited  to  the  sea's  (anllst  b  arhriy 
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make  f'G  perprmlimlar  thereto  cquni  (o  the  moon's  latitude  10'  44''. H  S.  Ihc  point  G 
beiog  taken  below  C  because  tlmt  latitude  ia  boutb.  Make  CO  equal  to  the  horary 
noUon  of  the  moon  ttom  tlie  wo  in  longitadB  35'  IS^'.O,  ud  CP  perpendicvkr  thereto 
eqful  to  the  homry  motion  in  latitude — 3'  28".%  the  point  P  being  placed  above  C,  be« 
rau.K'  the  moon's  honir>'  motion  in  latitude  hos  the  fign — prefixed,  or  in  other  word", 
tlic  liilitude  was  south  (iec  rea-ting.  Join  OP,  and  parallel  thereto  draw  through  G  the 
line  NGL,  and  on  it  let  fUl  the  perpendicular  GK.  Mdce  the  dittance  OP  a  tnnsvefae 
distnncc  of  60,  60,  on  tli«  line  if  lines  of  the  ^ector,  and  measure  from  (he  .-snme  lines 
the  iromTerse  distance  (correspoudiug  to  the  uiinute*  in  the  time  of  full  moon  at 
the  place  of  observation)  tfiia  distance,  aet  on  tte  line  GN,  to  the  rlglit  of  O,  rearirti 
to  the  point  x,  where  the  hour  17b.  preceding;  the  full  moon  i*  to  be  marked.  Take  the 
f  xtent  OP  and  lay  it  from  I7h.  to  the  ric;ht  hand  to  I6h.  and  MieccssiTely  to  the  left  to 
16h.  19h.  K.C.  Subdivide  these  luica  into  bO  equni  parts',  rtprestcnting  minutes,  if  the 
eeale  wQI  permit,  and  the  times  corresponding  to  the  points  E,  e,  K,  ib,  H,  will  repro* 
«ent  respectively  the  Hcj^inniiis  of  tlie  d  \\\><>-  l.''h.  .')6m.  the  bi'jpniiinf;  of  total  darkness 
Ihh.  94m.  the  middle  of  the  eclipse  17h.  4im.  the.end  of  total  darkness  iSh.  26m.  and 
And  Of  the  eelipoe  1%.  t6m.  which  timea  agrae  nearly  with  thote  in  the  Naoliei] 
•  Almanac,  allowing  for  th(;  diflecence  of  neridiana  %  boun. 

Caf  wfafiwt  LogvUhmt, 
The  phases  of  tiie  eelipae  may  also  be  calculated  by  logarithms  in  a  very  simple 

manner.  Thus  suppose  it  was  reqtiired  to  find  the  time  of  tnehep^nning  of  the  eclipn- 
in  the  above  example.  In  this  case  in  the  right-angled  triangle  OCP,  there  would  be 
giren  CO=S11S''.0  and  CP=M8".9,  to  find  OP«s91sr.f  and  the  angle  OPCssMOfy^ 
This  angle  is  equal  to  RGE,  because  GF,  OV  are  narallel,  and  its  supplement  give^  the 
an";Ie  CGE=95^  38/.  Then  in  the  triaiiclr  CX.E  (here  are  piven  the  anp;!e  r(;F.=95'' 
38^ the  moon's  latitude  C(;=644  ".8,  and  the  line  CE  (=CD)  --3772".9  to  find  CEG= 
9°48^GCE=74^34'and  GEa:S654".5.  Then  say  as  OP  (2m".8)  is  to  1  hour 
(3600".)  «<n  is  GE  (36 Vl".')  to  the  time  (6l96'=)  Ih.  43'  16"  between  the  beginning 
of  the  eclipse  and  the  full  moon  at  the  place  of  obserration  17h.  39^,  and  as  the  point 
E  fidla  to  the  right  hand  of  O,  that  time  lAiwt  be  aobtraeled  fimn  I7h.  39^,  to  obtain 
the  time  of  the  beginning  of  the  acBpaa  15b.  55'  44",  which  agrees  nearly  with  the  prd-> 
iertioti.  As  these  eakulations  are  very  simple,  it  wiIH)e  unnecessary  to  take  notice  of 
the  ditiercnt  cases,  or  to  give  the  calculations  at  full  length,  the  whole  being  sufficiently 
evident  from  the  llgnre.  The  middle  of  tiie  edipae  ia  mind  by  means  of  the  triangle 
GKC  similar  to  OCP,  in  which  the  angles  and  hypotenuse  CG  arc  given  to  find  CK,  KG, 
The  time  of  describing  KG  being  added  to,  or  subtracted  from  the  time  of  foil  moon  at 
the  place  of  obaenration,  accordfag  aa  the  point  K  fhUa  t»  the  left  or  right  of  G,  wfll 
give  the  time  of  the  middle  of  the  eclipflc.  The  Aatance  CK  10'  41  ".7  subtracted  from 
the  radius  CD  or  CT-  6*/  52". 9  will  leave  a  remainder  equal  to  the  eclipsed  part  ES 
(-_KT)  52'  And  the  moon's  diameter  33' 21 '  .4  ia  to  FS  52  H".2  as  12  digits 

to  tbndigilaeelipied  IH*  In  making  theae  calenhitions,  emnmon  or  piopottiooal  kjpt^ 
rfthma  wmj  bn  made  ine  of. 

PROBLF.M  XI. 
'  To  project  an  eclipsf  of  the  mn  for  any  gtren  place. 
An  eclipse  of  the  sun  can  happen  only  at  the  time  of  new  moon.    If  the  moon's 
iongitude  at  that  time  is  not  distant  from  either  node  of  the  moon's*  orbit  more  thsA 
17^"^  there  may  he  an  eclipse.    Tn  fitid  whether  theie  wiU  hi' 0118)  and  to  calcidtte  tfatf 
times  and  phases,  proceed  by  the  following^ 

RULE. 

To  the  time  of  Ihc  new  moon  j;iven  i.  ?hr  Nautical  Almanac  (or  raliulated  by  * 
Problem  lil.)  add  the  longitude  of  the  propuscd  place,  turned  into  time,  if  east,  but 
,  ilibtnct  if  weaC;  the  amn  or  diflerenee  w91  be  tiie  ume  of  eoi^fonetion  at  the  propdsed 
place.  Corresponding  to  the  time  of  new  moon  at  t>rrrn^\irh,  find  by  Problem  I.  the 
moon's  latitude,  horizontal  parallax,  and  scmi-diamcter,  abo  the  sun's  longitude,  semi- 
diameter  and  d(  clination.  Then  by  Problem  il.  find  the  horant  motion  of  the  moon 
in  latitude,  ami  lh<-  horary  motion  of  the  moonftom  the  sun  in  longitude. 

Dniw  the  line  ACB  (Piute  Xll.  fig.  10.)  representing  the  ecliptic  and  perpendicular- 
ly  thereto,  the  line  PCii.  Tukc  a  scale  of  equal  parts  to  measure  the  lines  of  the 
projection ;  meosure  from  it  an  interval  equal  to  the  mooB*a  latitnde,  and  apply  it  en 
CR  from  C  to  G,  above  the  line  ACB  if  the  moon's  latitude  b  north,  belmp,  if  goutk,j 
Take  CO  equal  to  the  horary  motion  of  the  moon  from  the  sun  in  longitude  and  set 
it  OQ  the  line  .CB  to  the  right  baud  of  C  to  O  ;  take  CP  equal  to  the  moon's  horary 


*-  Sor  HON-  uith  tii^  mark  inpagaMi.  All iM  cdlpsaihst cu faafpsnlb taiy  pmtsf  the  midiam 

indicai'eil  in  the  .N.niiH-nl  Alinjiintr.  *• 

I  In  iiic-  fi'j^tiri-  ibr  iitituHr  K  •cp^H.^-i  norih.  If  tthad ^roiaf  naihsoath,te.piAil #  Wll|MllpVt> 
liMFit  as  much  Lictow  C  as  it  is  now  aVu^  c  it.  . 

> 
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motion  in  latilnHe,  found  by  Proh.  \\.  and  set  it  on  the  line  CR,  from  C  (o  P,  aJoiv  • 
the  line  ACB  if  tho  sign  is  — ,  beUnc  if  Join  OP  which  represents  the  horary  mo- 
tiim  of  ^  moon  firon  the  sun  on  the  relative  orbit,  and  paraBel  to  that  line  drmr  tlMr 
rt'lativp  orbit  of  the  moon  NGL,  on  wliicli  are  to  be  markrti  the  places  of  the  moon  be- 
fore and  adcr  the  coiyunction,  by  means  of  the  horary  motion  OP,  so  .that  the  moineat 
of  the  new  moon,  or  ecliptic  conjunction,  at  the  proposed  plaee  may  ftO  tntOy  Ott  ^bt 
point  G,  as  in  the  figure  where  the  new  moon  is  at  23b.  35.^m.  Thin  may  be  done  by 
taking  the  cxti  nt  DP  equal  to  the  transrcrse  distance  of  Wi,  hO,  on  the  line  of  lines  of 
tile  sector,  then  measuring  from  the  same  lines,  the  transverse  distance  corre^Mudii^ 
talfce  minutes  and  parts  of  a  minute  of  the  time  of  new  moon  attbe  ptaoo  of  olamo- 
|ion  and  setting  it  on  the  line  ON  from  (j  towards  the  right  hand  to  the  point  r,  f  the 
place  of  the  moon  at  the  first  whole  hour  preceding  the  coiyunctioD  (which  in  the  pre- 
vent figure  iotSh.)  Tlmi  the  dlrtance  OP  being  taken  In  tiw  con^poiMo  tad  oet  from 
«tothe  rit^thand,  gives  successively  the  hours  precedbg  tho  new  moon,  mad  the  same 
distance  set  to  the  left  gives  the  folio  win;;  hours  ^  in  the  figure,  where  they  arc  ra&rked 
in  succetaioa  2ih,  23h.  241i.  Ih.  These  hours  are  to  be  divided  into  60  equal  pajl«  re- 
preoenting  mhnttet,  the  seale  being  taken  luficiently  large  for  ttai  purpose.  |  In  tibn 
prpsrnt  fin;iire  the  subdivisions  arc  carried  only  to  five  minutes. 

From  the  moon^t  honzoutal  paralULt  subtract  the  sun's  8".8,  the  remainder  u  to  be 
taken  firom  the  setle  of  equal  parts  Ibr  the  radios  CB,  with  which,  on  the  centre  C, 
de9erB)e  the  circle  BRA,  cutting  CR  in  R.  Open  the  sector  till  the  tranwinn  db* 
t<»nre  of  60^,60^,  on  the  line  of  chords,  |<t  equal  to  the  radius  CB,  and  measure  from 
the  same  lines  the  transverse  dutaucc  .23-  28'  (equal  to  the  obliyiitjr  of  the  ecimlk) 
tiUAMt  on  tiMeifde  ARBoh  enehside  of  RtoT  ondU.  Join  TUcnttfa^^li 
^  On  Q  as  a  ccntrr,  v*  itli  the  radius  QT,  describe  the  rin  le  TVU,  on  which  s<  t  ofT  the 
arch  TV  equal  the  sun's  longitude.  Through  V  draw  the  line  VP'  parallel  to  CR  to 
Cut  TV  in  r,  the  place  of  the  pole  of  die  earth. §  Draw  CP'  and  continue  it  on  cither 
liade  flO  to  cut  the  cirele  ARB  in  the  point  W,  sttnated  above  AB  if  the  latitude  of 
An  proposed  place  is  north,  beloir,  if  sottth.  In  the  present  figure  the  latitude  is  north. 
IT  it  had  been  south  the  lower  part  ofi  the  circle  ARB  ought  to  have  been  made  use 
•f.  Open  the  seetor  oo  as  to  main  the  transverse  dislaneo  €0P,  €0^,  on  tte  ctodsv 
ctfual  to  CB,  and  measure  off  the  transverse  distance  equal  to  the  chord  of  the  coru- 
plement  of  the  latitude  of  the  .place,  which  set  from  W  on  each  side  to  D  and  d. 
With  the  same  opening  of  the  sector  measure  the  chord  of  the  sun's  declination,  and 
set  it  on  the  same  circle  from  D  on  each  side  to  E  and  P,  and  from  ilon  eneb  side  to  e 
and/.  Draw  the  dotted  lines  F/,  Dd,  Ee,  euttinj?  CW  in  /,  q,  n.  Bhect  In  in  V, 
nnd  erect  the  lino  VI.  r,  XVIil.  perpendicular  to  CW,  and  make  r,  VI.  and 
n  XVIII,  eneb  eqnal  to  fD.  Open  the  sector  to  nnko  the  transverse  ililiiiiiii 
90  ,  90^,  on  the  sines,  equal  to  oD,  and  measure  oflT  the  transverse  distance  corres- 
ponding to  IS'^,  30^  45^,  60^,  75^  (or  I,  3, 3,  4,  5  hours,)  which  «et  on  each  side  of 
the  point  r,  on  r,  VI.  and  r,  XVIII.  to  the  points  marked  with  those  numbers  IS-*, 
9aP,  kt.  Through  these  points  draw  the  noes  I.  XI ;  II.  X ;  HI.  IX ;  Itc  nnin  tb» 
figure  parallel  to  CW.  Open  the  sector  so  as  to  make  m  eqnal  to  the  transverte  di*- 
t4nce  of  90  \  90^,  on  the  sines,  and  measure  the  complements  of  the  former  degrees- 

•  See  note  with  tliU  mark  in  pa:^  592. 
t  See  note  with  this  murk  in  page  592. 

t  The  scale  I  jrewniUj  make  use  of  is  one  inch  to  10  niniitfe,  vedwlni;  the  cceood*  to  detimOt^m 
nfimbSi  ThosJIf  «rMn  decimals  bfi0^.6,vvfaidi  bgrthbsmlewmild  be  Sj06lnch««,o^ 
Ike  ileeinnl  point  one  figare  to  tlielelt  • 

^  Tkb  may  alw  lie  ruaad  as  follows.  After  drswine  TQtJ,  a*  abore.  ojxen  the  «rru>r  till  the  trai»fT<T**' 
diflsnce  90^.  W  on  the  sines  is  pqual  to  QT.  then  in(-R!inr.-  f,n,n  that  line  thf  pxlrnf  (IV  m  n  I'TinMir-r 
distance  rorrMpondin^r  to  ihf  «ine  of  ilie  ililTcrrnco  l>»«t\%e«'ii  tlic  -iin'^  lon('itur1c  nrnl  JO^nr  270'*.  fllani 
the  sun's  longitude  pxcccils  6  ii-rnv  th*>  (mint  V  w  ill  fall  in  thi-  (wrni-rircrc  l«>low  Tt'.  Thii  ti  na«  tinw-t 
in  the  fii^me  for  wnnt  of  room.  \Vh<^ii  thf>  iongltiulp  pxrei'ils  2,  4,6,  ir.  ti^.k,  it  will  lie  roawi«Mlto 
\<\<rk  on  ill"  rirrle  TVU  the  point*  c<v  rf^-fioiulin:,'  lo  iho^.  sicns,  by  netting  oiST  tb«  rariiut  QT  WAfbSiO 
from  T  to  II,  from  II  (o  Q,*ie,  aad  tlieo  taking  frooi  the  sector  tlie  cbonl  correspoodioff  lotfae  ese<9Sf>r 
the  fives  longttiide  abo««  that  of  the  poim  tl,  |> ,  kc  f nrniedtatctr  pfveediag .  Tinw  f f  tb«  can'*  loBfl. 
tads  was  W>  44'  it  wouUl  l»e  ronvenipnt  to  wi  nfTtW  front  T  to  11.  «nH  2<»  44'  from  U.  to  the  sought  point  V. 

In  caw  of  not  hnvini:  n  ^«Ttor.  an  ,tn  h  n%  R T  mav  b.-  rnnrkcil  ofT  by  ■  plane  tcaJe  errn  when  the  nuJs- 
v  OR  .li/Tcr*  from  ilwit  i.f  tin   m  iIh.  hs  ,i|.iui.i::  i  \  l'r„h.  VI.  of  Ueometi4ml  Problem*,  the  line  t  T 
ini^liinpran  ansrle  with  t  K  equ  il  to  ilu-  proj>o,ied  arch  23^  2«'.    The  interaection  of  that  line  with  thf 
drclr  \Rn  will  ^irethe  ^oniflit  point  T.   lu  a  %imilar  manner  the  point  V  may  be  found  try  drawlaca 
line  QV  makin*;  the  an^le  TQV  equal  to  the  propo^arcb  TV.  The  points  14°'.  aCP*  4l"',liC.  «a  Ihelps 
VI.  r  XVIII.  ro\v  he  found  by  <le«crit>ins  on  that  line  at  a  diameter,  nnd  ea  r  as  a  vnb«,'a  SSSiMrele 
Which  is  to  be  divided  Into  12  eqmlpsru  of  14»  each.  Tbsdotied  linen  drawn  tkmsgk  theas  mIbis  tier- 
pmidloriBr  In  the  dfauneisr  VLr  Xvlll.  wlil  cut  It  hi  Ac  sought  point*  150, 3Qo,  te.  Thk  dMe  is  oet 
drawn  in  the  propoaed  figure, to prsircnlcooftidoa.  Draw  the  line  VI.  L  pen*ndirular  to  r  VI.  and  eq»J 
tora.   Join  rt  cuttlnp  the  lln«78«  V  :  60»  IV.  Jte.  in  the  |H.iiiio,  2.  3.  4  .0.   MaJe  tbe  liiu  s  i5'  f 
31)0,  II :  4^".  III.  Le.  rf  *|)f  riit ,  '>  c<\  lal  to  Ti".  1  :         2 :  4.V',  a  ;  ir.  and  the  «mii:ht  jwint*  I.  11.  IIT  Lr. 
will  be  obiaiiio.i.    Tin-;  nietli  m1  id.iv  !>o  iijt'd  whvn  liie  line  rn  is  too  small  lo  l»e  tnken  from  I.V  «eriar. 
The  same  nietlifvl  m.ny      i  >  1  tf        of  m  pmjectinj,'  sm  oTxi't.ition  bv  drawing  tl  (Fig.     f.  Sill  wrr. 
rmrliruiar  to  rt^nd  equal  Lo  rn  and  joining  rk  to  cut  the  dotted  lioa  dntim  paiaUel  |p  (TP  is  tiir  poiat* 
'j      list  ss  ailBva> 
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transvf  rsr  distances  on  thv  sim     viz.  75^,  60^,  45  \  30-,  15  ,  and  st  l  them  on  the 
above  lines  I.  XI.;  II.       &c.  from  the poinii of  interaectioa  with  tlje  line  W.  r,  XVUK 
above  tnd  below  dnt-liM.   The  points  1.  IL  III.  fte.  Obttioed  in  this  maoncr,  will  re* 
preoottt  Che  ■itttaUon  of  the  ipectetor  at  the  propoeed  place  ut.tho.se  hours,  ami  a  regdar 
cunrc  drawn  thron^h  these  points  will  represt-nt  his  path.    In  ni.'.rkijii  the  hours  it  mu»t 
be  (^Merred,  that  the  place  of  noon  will  ix:  at  tiiu  lower  point  n,  if  the  suu's  dcclinution 
•mikt  baft  oft  Chee^  poMf  I,  if  the  deeHnatlen  is  tmtk;  the  hovn  mvet  be  naiM  -1^ 
^bOMI'aoon  toward-  thf  IcA  in  numerical  Mic.-t  "^.aion  coinplctt  ly  inj?jil  t'.ic  cnrve  ending       '  i 
aft  Mk.  according  to  the  method  of  aatroaoiacrs.    In  the  present  tigure  tlie  declination  $i 
iaMid^  and  the  point  n  the  place  of  noon  erOlMttfft.   If  it  had  been  south  the  point  I 
would  have  hwu  marki  il  Oh.  atid  the  points  marked  XI.  X.  4ke.  wooUbe  I.  il.  bix:.  re- 
spectively.    The  p  itli  touches  the  rircie  ARB  in  two  pi  int  -  representing  tbe  points  of 
sun  rising  and  setting,  which  in  tite  pr(;sent  figure  are  respectively  l6h.  2b'  and  7h.  34 . 
Thaae  printa  dhUo  tba  p«lh  iate  two  y«ta,  of  whieb  one  rapraeenta  tiie  path  by  day, 
the  otker  fey  night,  as  is  evident  from  the  hours  iniirked  on  the  curve.    Half  hours  or 
any  oflier  intermediate  time,  may  be  marked  in  a  similar  manner.   Thus,  for  the  time 
3h.  9f=Sltf>  3<K.  8aft  tba  aine  of       to  the  n^us  r,  VI.  fram  r  to  b  on  the  line  r,  VI. 
and  erect  the  pcrpendinilar  hi  equal  to  the  suie  ol  37^^  (which  is  the  compleaeal  of 
^2Pi)  to  the  radiufl  m,  and  the  point  t  ^\n!l  ho  t!i»'  \Am  v  of  the  spectator  at  the  proposipd 
time.    In  tJiis  way  the  halves  and  quarters  of  huura  may  be  marked  on  those  parts  of 
the  path  where  necesaary.   The  smaller  subdiviwow  may  generally  be  obtaiaad  la  a 
sufficient  decree  of  accurary  by  dividiii;^  the  quorters  of  hours  into  equnl  p;uis. 

Take  from  the  scale  of  equal  parts  au  extent  equal  to  the  sum  of  the  scmi-dianuiCers 
of  the  aun  aiad  inoon»  and  bq^iiming  near  N,  find  by  trUUs  the  point  p  of  the  mnnNt 
path  and  Qm  point  2»  of  the  path  of  the  ?pcclatur,  marked  with  the  eamc  time  and  at 
that  distance  opart.    That  time  t\  il!  be  the  beginning;  of  the  efUpfc    If  no  such  points 
can  be  found,. there  will  be  no  ecli^ii^  ui  tiie  proposed  place.    I'rocccd  in  the  same  way 
towards  the  point  L  and  find  the  points  p",  Z",  at  the  samo  distance  apart,  the  eetWO^ 
ponding  time  will  be  the  cn^  of  the  eclipse.    Find  by  trials  the  point  p  of  the  moon's 
path  and  the  point  Z  of  the  path  of  the  spectator  marked  with  the  same  times  at  the 
neaieat  distance  tnm  each  other  (which  will  in  geneial  be  oaariy  the  middle  tiine  llia» 
twccn  the  beginning  and  end  of  the  eclipse)  that  time  will  be  the  middle  of  the  eclipse. 
On  Z  as  r«'ntrcwith  a  mdins  equal  to  the  sunV  !«cini-dianictrr,  descril>e  the  circle  whose 
(diameter  is  bs,  representing  tlie  sun's  disc,  and  on  the  centre      witli  a  radius  equal  to 
the  0000*8  aemi-wanialer,  describe  the  circle  whose  diameter  is  Mm,  repraasnting  the 
moon's  disc.    The  p  trt  of  the  ^un's  disc  that  is  cut  oil"  by  this  circle  will  reprcfent  th'e 
part  of  the  sun  that  is  eclipsed.    In  the  example  of  fig.  10  the  centre     of  the  moon's  . 
4iBe  is  so  noir  that  of  ^  sno4S,that  theec^pM  Is  nearly  central,  and  aa  the  nooii*l^-^|| 
scmi-diametcr  is  greater  than  the  sun's,  the  eclipse  must  be  tolal.  Under  similar  eircuQk> 
stances  if  the  raoonN  Hf  mi-diameter  had  U-en  leant,  the  eclipse  could  hfl^e  becii  anmd!ir.  '* 
In  case  of  a  partial  eehpsc  the  sun's  dbc  will  not  be  wholly  covered  by  the  moon,  as    <,  • 
in  fig.  11,  Plate  XII.  wnaaa  tlie  circles  representing  the  discs  of  the  sun  aud  moon  are  w  ^ 
•narked  with  the  same  letters  as  in  f>c.  10,  hut  the  ohjer     'in>  plarcd  in  a  ditlercnt-*^ 
eHuation.    in  this  com  the  number  of  digits  eclipeed  may  be  obtained  by  drawing  a  line   ^  ^ 
through  the  eeatres  pf  Z,  to  aneeft  the  disss  in  the  points  6,  M,  s,  »>,  ami  by  saying  ^  * 
at  the  distance  Ss  (ri:prc»cntin<;  the  whole  disc)  is  to  thv  ohsrnred  point  Ms  so  tie  12 
digits  to  the  number  of  digits  eclipsed.    The  beginning  oiid  end  of  total  darkness  in  a-  ^ 
total  eclipse  are  found  like  the  bifghnning  and  end  oC  the  eclipse,  except  in  taking  in  tb'c 
compasses  the  didercnre  between  the  semi^diamcters  of  the  sun  and  moon,  fnitead  of 
their  snm.    For  the  points  of  the  path  of  the  spectator  and  of  the  moon's-  orbit,  marked  *\ 
with  the  same  time,  and  at  that  distance  from  each  other,  will  represent  the  situationtt 
and  (inea  of  the  begmning  and  end  of  total  darhnsss.   The  beginning  and  end  of  (die 
internal  contarl?  of  an  nnnuhir  eclipse  are  found  in  the  same  manner,  the  only  difler-  ;^ 
cnce  is  that  in  a  total  edipsc,  the  moon-s  semi-diameter  is  greatest,  but  in  an  ammhir  \  ^ 
ellipse  the  least.  •  * 

Mobsenring  the  beginning  of  a  solar  eclipse,  it  is  of  some  importance  for  the  oe- 
ctiraey  of  the  observation,  to  know  on  what  part  of  the  sun's  limb  the  eclipse  will 
begin.  This  is  easily  found  by  means  of  the  projection.  Thus  at  4he  bt^nninz  of 
the  eclipse,  which  eortesponds  to  the  point  p^  of  tike  meon^s  path  aad  the  point  V  of 
the  path  of  the  sprrtntor,  the  first  point  of  contact  ^  may  be  obtained  by  drawing? 
about  the  centre  p  with  a  radios  equal  to  the  moon's  scmi-diamctcr,  a  circle  rcpff - 
senting  the  moon's  disc^  ;  about  Z'  as  a  canira  with  a  radius  equal  to  the  sun's  scmi- 
tfiBietay  aMflMr  eirek  iipw ting  the  aiia>  diac,  touching  the  fanner  in  l|ie  pointy 

*  I'tsmtt  sf  Mr.*hi%iistos  ff  V  may  he  d—ra  satttog  tas  ia»>  disc  Is  ths  sssght  piht  of  A. 

11  r   (Tab.)  ^         ^  # 
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C'onjunctiofl  at  Qrcciiwich,  June  IS, 
SalfiH  W.  from  Givenwicb 
RcUpiic  coiijunc.  at  Salem,  Jbbc  iSf 
Latiludf  of  8«Ien» 
D'k  lluritonluJ  Panillax 
•)'k  [loritutital  i'aratlas 
•»  KcdiKcU  HoriEOMlnl  MDb 


KLK.MKNTS 


Praw  the  line  CZ'  raecUnp:  tlic  sun's  disc  in  the  points  a,  c,  the  point  c  bcinjr  tU» 
most  distant  from  the  centre  C.  i'hcn  the  rircle  g  a  c  being  held  between  tlie  cje  of 
the  obanrver  wd  the  saii»  the  engraved  or  mack^  aide  of  tte  flgure  towvii  the  €fe, 
and  the  line  c  a  in  a  vertical  direction  with  the  point  c  uppermost,  will  represent  the 
api>earance  o(  the  sun  as  viewed  by  the  naked  eje  at  that  time,  c  will  reprMent  the 
upper  part  of  the  mui',  a  tbt  lower,  and  g  the  point  of  eontoet  If  die  edipso  be  ob- 
aOrred  witk  in  Invcrtin^^  telescope,  the  contrary  will  be  obaerred ;  that  is,  Che  part  o 
must  be  iipperroost,  c  the  lotvcst,  and  ^  the  point  of  contact  will  appear  to  the  Ic(\  hancf 
of  CO.  In  a  similar  manner  the  appearance  of  the  objects  mny  be  oUaioed  at  any  other 
put  of  ihe  eelqiae,  but  it  is  not  neeet^ary  emept the  femiwiitog  of  il^  nhtie  Iktn  M 
'jwlUtt  10  dinct  ttie  e*e  ef  (he  observer. 

£XAMPLB. 

Required  tbe  fioMt  aad  elMHW  of  tbi  total  edipM  of  Ibe  onft,  Jm  16^  1S06»  al 
Sekm,  in  the  Intitiide  of  4»^3S' 3<r' N.  and  the  looiMB  of  4^ 

Chreenwich  ? 

'  Bj  the  Mautical  Almanac  the  time 
of  neir  noon  et  Qieonwieb  wna  Jnne 

l6d.  4h.  19',  corresponding  to  June  1 5, 
23b.  35'  28"',  at  Salem.  At  the  time 
•t  Gfoenwieb,  4h.  the  etamiita 
of  the  eclipse  were  as  in  the  adjoin- 
ed table  catoulatcd  Um  aboie 
rule. 

Draw  ACB  (Plate  XTL  % .  10,)  and 

perpendicular  thereto  the  line  CGR. 
Make  CKi  eoual  to  tbe  moon**  lat^ 
tvde  19'-S7^N.  taken  fSron  a  Male 

of  equal  parts,  the  point  G  being  above 
0  because  the  latitude  is  north.  Make 
CO  equal  to  the  moon's  horary  mo- 
tion from  the  sun  M'  18^.1,  to  the 

riccht  hand  of  the  point  C  ;  and  CP 
equal  to  the  moon's  horary  motion  in 


dom  of  ScmiH^aaetrrt 

DifiVrptice  of  8eini-<Uam^terJ 

lloniry  motion  iu  Long.  Trob.  U. 
•)\  Horary  motion  K.  A. 
5's  Horary  motiun  from  0 
^'•t  Horary  motion  in  latiioet  ■ 

's  LAtinidc  hr  piubb  I. 
Looriiada 

IfstSsaihm  __!  


It.  tXL 

4  19 
4  43  S2 

«3  36  2S 
42  33  30 

60  2A.7 

M  164 
M 

at  I 


CO" 
CP  + 
CG 
TV 


9£  41^ 

2  25wl 
S4  IS.) 

I—  19  57 

SI  44  36 


latitttde  4-  3  22  .5,  the  point  P  being  below  C  beeMMO  thie  bemy  motaoa  has  the  a|pi 
+  pnfUwd.    Draw  N(^L  parallel  to  OP..  BCahe  OP  a  traosvene  distance  of  60, 

on  thfc  line  of  lines  of  the  sector,  and  measure  from  tbe  same  lines  the  tniuicrse 
distance  35^,  33^  (corresponding  nearly  to  the  minutes  in  the  time  of  new  atoon) 
tbb  diatanee  art  on  the  line  ON  te  tbe  r%fat  of  G  raaehai  to  the  point  x  wbiie  tha  heiir 
preceding  the  new  moon  is  to  be  marked,  viz.  23h.    Take  OP  in  the  compasses  and 
mark  it  successively  on  the  Ubo  NL  from  x  or  23b.  to  the  right  to  SSb.  and  to  the  left 
to  94b.  or  Ob.  lb.  «e.   These  en  subdhrided  into  five  minutca,  the  tola  net  adaHthiC 
amallcr  divisiona.   Take  the  moon*i  reduced  horizontal  parallax  60*  l6".9  trtm  tbe 
acale  of  equal  parts,  and  with  that  radius  describe  about  the  centre  C  the  circle  ARB. 
8ti  off  (by  means  of  the  sector)  the  arches  HT,  Kli,  each  equal  to  23^  28'.   Join  TQU 
and  about  that  diameter  deaoribe  tbe  circle  TTI7.  Make  the  aieh  TV  equal  to  the  son's 
lon2:ilude  8  H  41'  36",  which  is  done  by  settinjf  the  radius  QT  as  a  choitl  from  T  to  Uf 
anil  then  the  acoh  I1V^24^  44  36'  by  means  of  the  sector.   Draw  P'V  paraUel  to  CE 
'to  meet  TU  in  tbe  point  V.  Join  CF  and  continue  it  to  BMOt  tbe  circle  ARB  in  Wi 
Make  (by  the  sector)  the  arches  WD,  WiL,  equal  the  compleBaBnt  <^  the  latitude  of  (t6 
plicc  17  20'^  nearly,  the  radius  being  CB.    In  a  Biniilar  manner  nudce  the  arche?  DF, 
DK,  (if,  dr^  ^c.  each  equal  to  the  sun's  declination  23^  22*.    Draw  the  lines  F//,  Vqdi 
£nf,  cutting  CVVini,  9,11.   Biaeetlninr.  Draw  the  Kne  YI,  r,  XVIII  pandlelto  Dfd 
:ind  make  v,  M,  r,  XVIII,  each  equal  to  qT).    Hirougb  the  points  ^  >I,  n,  XVlll, 
ilraw  the  path  of  the  spectator  as  taught  in  the  abo\e  rule,  and  mark  the  hour  of  noon 
Ob.  at  the  point  n  because  the  sun*s  declination  is  north,    bfark  tbe  foOowi^g  bom  is 
succession  to  the  left  1, 11,  III,  &c.  as  in  the  figure.  Take  an  extent  intiMeeaapoaaeeefal 
to  the  sun)  of  the  semi-diameters  of  the  sun  and  moon  32'  14".2  and  Ix^inninf  towards  lf| 
find,  aa  above  directed,  (be  points  p'i^'  at  that  distance  apart  and  marked  with  the  aame  tiae 
tth.  r  nearly,  whieb  is  tbe  tone  of  tbe  beginning  of  the  eelipae.  Praeeedhilfc»eSBM«ar 
for  the  end  of  the  eclipse  corresponding  to  the  points  p",  Z",  and  to  the  timeOh.SS'  uhich 
is  the  time  uf  the  end  of  the  eclipse,  l  ake  tbe  dif1*ei  encc  of  the  semi-diameten  of  the  sun 
and  moon  42"  in  the  compasses,  and  proceed  in  the  same  way  to  find  the  beginning  and 
end  4if  total  dariuiess  23b.*87nk  nd  23b.  Sim.    The  peinte  corresponding  could  not  hi 
t!rawn  in  the  fig»tre  n«  they  arc  so  near  to  p  and  Z,  and  the  scale  small.    Find  by  trials 
ihe  points  p  Z  marked  with  the  same  time  and  at  the  least  distance  apart,  this  will  be 


the  tine  of  the  mkldk  of  tbe  ceUpabSSh.  99^.  With  na  oteDt  e^  t»  tte  meon'f 

Mmi^diameser  16'  S8".l  aa  %  ladiua,  describe  about  p  01b  dfde  iHio*  diuMir  if  M«» 
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XO  CRQJECT  AN  ECLlf&£  OF  XliS  &UN.  o^J 

YFpwumifiwg  Oe  fMoii>  diie,  tad  with  tiw  mV  waii-ditiBeter  16'  4<^.l,  ieiaiht  liboiit 

Z  ihe  circle  whose  diameter  is  S  x  representing  tlu-  ^ur^■«  (!i?<r  at  the  middle  of  the 
•dijue.  The  sun's  disc  being  wholly  covered  b>'  the  mooii,  inUtcatea  that  the  eclipse  walk 
fatu.  Detcribe  in  the  same  way  about  p  and  Z'  the  disce  of  the  sun  and  mooi^  at  the 
jbciginnuig  of  the  cdipae,  touching  each  other  in  if.  Draw  CZ  cutting  the  raoolk^B  disc 
In  c  and  a.  Then  the  arch  c  g  will  be  tlie  distanec  of  t!ie  first  point  of  conUu:t  of  Uie 
fiua  and  moon  from  the  aun's  zenith  towards  Uic  wtsteru  |)m  t  ul  the  limb. 

RKMARKS. 

1.  The  correction  for  llm  5])heroi;lal  form  of  the  rnrtli,  Ihc  .nij^mentution  of  the 
inoon*a  aemi-diametcr,  iadexion  and  irradiation,  tire  neglected  in  the  nbove  rule  as  not  ^ 
MBsibljr  aflecting  the  retult  <d  the  prorjection,  though  these  points  might  be  attended  to 
hy  the  follomng  precepts. 

2.  From  the  latitude  of  the  place  subtract  the  correction  oflatitudeofT.il'.  XXXVIIf. 
and  from  the  moon's  horizoqpij  purailax  decreased  by  &'S  subtract  the  correction  of 
pwillax  te  the  mam  tthle ;  the  remiiidflia  will  be  the  eorreeted  latHude  end  penlliiz 
to  be  made  use  of  in  the  abore  rule  to  correct  for  the  sjiheroitlnl  form  of  t'lo  earth. 

3.  Deoeaae  the  moon's  semi-diameter  given  bjr  the     A.  by  2 '  for  iuflcjuou. 

'  4.  Deenaae  the  aun'a  aemi-diaineter  Yt  for  irradiation,  and  from  the  remainder  Mb:, 
tract «  MWraetioil  eqintf  td  the  augmentation  (Tab.  XV.)  that  the  moun'!<  semMiBinctcr 
Tvould  have  when  at  the  same  altitude  as  the  sun,  the  remain»lrr  \vill  be  the  corrected 
pemi-diameter  of  the  sun,  to  be  used  in  the  above  rule  in  itndinx  all  the  times  and 
phawa  of  the  ecHpie,  Thii  method  of  decmaing  the  ann'a  ONU-diaawler  pndiietfi 
nearly  the  same  result  as  that  by  augmenting  the  nioon's  semi-^ieineter,  horary  motion 
and  horiaontal  parallax,  and  taking  the  aun'a  aemiViamfiter  aa  given  in  the  Nautical 

5.  Besides  these  correctiona,  there  are  oQmM  depending  on  the  change  of  the  moon^i 
pemi-diametcr,  horizontal  pomlhix  and  horary  motion  diirinz  the  eclipse,  bet  all  theaa 
corrections  are  usually  neglected  in  projcctiog  an  eclipse  or  occullation. 

4.  The  titUnde  of  the  aun,  wVUk  b  nearly  tiie  aame  ae  that  of  the  moon  during  the 
eclipse,  may  easily  be  found  by  means  of  the  projection.  Thus  if  it  were  required  at  (lie 
>^ginning  of  the  eduae  when  Uie  spectator  is  at  Z' :  Take  the  distance  CB  and  tipply 
il  «■  a  tranevem  dialanee  90  ,  90  ,  to  the  sinea  of  the  lector ;  then  the  distance  Czf 
applied  in  the  same  manner  to  those  lines,  will  give  the  zenith  distance  of  tlw  aun,  about 
31  ,  corresponding  to  the  altitude  59-^,  The  correction  (Table  XV.)  corresponding  to  this 
altitude  is  14'',  which  iii  nearly  the  correction  to  be  subtracted  from  the  sun's  semi- 
diameter  15',  4i^.6  (eamctad  for  irradiation)  to  obtain  the  corrected  aend-diameter 
J.V  2S".6,  as  taught  in  §4.  Table  XV.  was  calculated  for  the  mean  jemi-diameter  15' 
37"  and  the  correction  of  the  Table  14"  ought  to  be  increased  in  ratio  of  the  sun's  semi- 
dSaneter  IV  46^.1  to  ly  97*  when  very  great  accnraey  is  required.  The  dilleieaee  of 
t&e  corrected  aemi-diameters  of  the  sun  and  moon  IS' S8''.6  and  l^^  36^1  is  Sf^tt 
ivhich  is  to  be  used  in<»tead  of  in  finding  the  beginning  and  end  total  rkness. 
Xhe  duration  of  tlie  total  darkness  found  by  the  corrected  values  67"^  is  4|  minutes,  but 
with  the  uncorrected  value  4t"  is  onlr  3i|  arinnlee.  It  was  probably  mAag  to  the  neglect 
of  this  correction  that  some  of  the  Ahnanaca  puUiahed  in  this  eountry,  for  1806|  men- 
tioned the  duration  as  3  minutes. 

7.  thi^jotSh  tt  tiw  ipeetttor  I,  II,  III,  IV,  kc.  ealculatod  for  .the  jpr^rpmt^  latltode 
4SP  SJf  30r  may  ba  nade  to  mnver  for  any  other  latitude  by  altering  the  centre  of 
projection  and  the  scale  of  equal  parts.  By  this  means  the  trouble  of  repeatedly  deF« 
cribing  that  path,  when  the  eclipse  is  to  be  calculated  for  several  places,  may  be  avoided.  ^ 
T«  da  thu  add  tito  Prop.  L6g.  of  the  reduced  parallax  to  the  log.  secant  of  the  latitude  6(  • 
the  place,  the  sum,  rejecting  10  in  the  index,  will  be  the  Prop.  I^.  of  an  arch  A.  To 
Ihia  Prop.  Log.  add  the  log.  secant  of  the  sun's  declination  (or  star'a  in  an  occultation) 
;nd  thewg.  eo-tangent  or  the  latitude  of  the  plMo,  tiie  sum,  rejecting  90  in  the  index, 
will  be  the  Prop.  Log.  of  the  ardi  %  Take  the  rairms  r,  VI  (or  qD)  in  the  compasses, 
-nnd  make  it  a  transverse  distance  on  the  line  of  lines  of  the  sector  correspond inp;  to  the 
arch  A,  and  with  that  opening  of  the  sector  measure  the  transverse  distance  corresponding 
f o  the  arch  B  wMeh  set  fiwm  r  towaide  G  on  the  Une  rC  (eontinned  if  neceaaary)  will 
reach  to  the  centre  of  the  projection  corresponding  to  the  proposed  latitude  ;  the  traaa^ 
verse  distance  corresponding  to  the  reduced  parallax  measured  Drom  the  line  of  lines, 
with  the  nme  opening,  will  be  the  radius  of  the  projection,  and  the  tnnivene  distance 
corresponding  to  the  horary  motion  of  tlwaioon  from  the  ''nn  or  star  in  an  occultation, 
will  be  the  horary  distance  to  be  made  ute  of  in  marking  the  hours  on  the  lunar  orbit 
LN  i  lastly,  the  latitude  of  the  moon  at  tJie  coigunction  is  to  be  measured  as  a  transverse 
diatuiee,  and  set  from  the  ne;ir  eentra  of  projection  on  a  line  drawn  dirotigh  it  pandM 
to  CR,  and  the  point  where  it  reaches  v.ill  be  the  new  point  (■  corresponding  to  the 
place  of  the  moou  at  the  ecliptic  conjunction.  Througti  this  point  the  line  of  the  moon's 
palh  Is  to  be  Arawn  parallel  to  the  line  LN  of  the  figtirr,  and  f1i«  hours  tie  to  he  nttlMI 
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PROJECT  AH  OOCULTATlON. 

on  it  as  before,  ^\^)cnce  the  times  of  l>cginnino;  and  end  of  the  eclipse  tuny  be  fotind 
as  in  the  above  rule.  Aa  example  of  thia  method  is  not  givcu,  as  it  would  reader  tJac 
•e&eme  toa  cooftiMd. 

PROBLEM  XII. 

'    To  project  an  ocatUation  oj'a  jired  stur  by  the  mootiy  at  any  girm  place. 
The  niethud  of  projecting  an  occultatiou  is  nearly  the  same  as  that  of  ao  ecUpse  of 
tlir  sun,  but  to  mm  the  tnraUe  of  refereoee  it  «••  tbooigbt  nftdknt  to^vo.lM  Mlt 
witbout  abrkbcneot. 

BULB. 

To  ^  time  of  ilie  eetmtic  cotyunetion  of  ttie  moon  and  star,  f^ven  in  Ao  §Hft  po^e 

oftho  Nautieol  Almanac  (or  calcxilated  by  Prob,  III.")  add  the  lonp^itiuU  of  the  proposfu! 
place  tunied  into  time,  if  east,  but  subtract  if  n  e*l,  the  sum  or  ditliercncc  will  be  tlie  tiate 
of  conjunction  at  the  propo-md  plare.  CorrrspoiKling  to  the  time  of  coi^jonctkm  at 
GrcfTMTich,  find  by  Problem  1.  the  moon's  latitude,  horizontal  jmrallax  and  semi'iMa 
al.«!o  the  sun's  ri.;ht  n«<ecnsion.  Then  by  Frobkm  11.  find  the  horary  motion  of  the 
iu  longitude  and  latitude,  and  by  Tables  Vlll.  and  XXXVIl.  the  star's  R^t 
IMInation,  Longitude  and  LatitadO.T 


Draw  the  line  ACB  (Plate  XII.  (Ifr.  9.)  TC]^rc^on\ln^  n  parrMrl  of  tbtoeMic  passing: 

0  ofequ 

lo  measure  the  lines  of  the  projection,  and  from  it  take  an  interral  equal  to 


 ^  ■  f  f  r-^  g-  -   — 

through  the  star,  and  ptM-pcndirular  thereto  the  line  CPii.    Take  a  sealo 


foMal  Mita 


of  the  Intit'Klc.s  of  the  moon  and  xtar,  and  apply  it  to  the  line  CRimi  C  WQ 
nbove  the  line  ACB  if  the  moon's  latitude  is  north  of  the  star's^  otherwise  h^lmi>t*. 
Take  CO  equal  to  thp  horary  motixyiof  the  moon  iu  longitude,  and  set  it  on  the  line  CB 
to  the  right  band  of  C  to  O ;  faltM^  oquaA  to  tiie  moon**  horary  motion  in  lititade 
found  with  its  <i\g^u  by  Probli  m  11.  and  »<  t  it  on  ihr  line  CR  fron)  ("  t;>  1*,  iharc*  the 
Mna  ACB,  if  its  sign  is  — ,  below  if  +.  «0oin  OP  which  repreeents  the  horaxy  motioa 
of  the  moon  on  her  orbit,  and  parallel  to  that  line  dmwtlie  OfWt  of  ttenniOB  NGL^  on 
wliich  are  to  be  mtrk«d  the  places  of  die  moon  b^we  nnd  afttfr  the  ro^jonctiiai 
nwBans  of  the  liorary  motion  OP,  so  that  the  moment  of  the  ecliptic  conjunctfon 
at*  the  proposed  place  may  fall  exactly  at  the  point  G,  as  in  the  figure  where  the 
«qn;innstion  i«  atl8h.4S'.  This  may  bo  dona  Irf  making  OP  equal  to  tho  tnuisrecao 
^Bftence  60, 60,  on  the  lino  of  linfH  of  the  sector,  then  m«  :i<nring  from  the  ?ame  lines  the 
tniMferM  distance  corrcitpondiug  to  the  minutes  and  parts  of  a  minute  in  the  time 
4f  tba  edipttc  conjunction  at  the  plare  of  obaerratkHiy  and  setting  it  on  tto  fino 
ON  from  C  (o\'. ;irds  the  ri»ht  to  the  point  r,  the  place  of  the  moon  at  the  firr-t  wkotn 
hourf  preceding  thr  coiijiMiction  (which  in  the  present  fi^irf  in  1 Then  the  di5ttinr*» 
OP  being^taken  in  the  eonipasses,  and  set  from  x  to  tiic  right  hand,  gifcs  ^ucressively  the 
preceding  honrs,  and  the  same  distance  f^ot  to  the  lef^  gives  the  following  boors,  as  in 
the  figure,  when-  ihry  arc  rr-.arkpd  17li.  \r^h.  lOIi.  -2i^h.  Th;  honr-«  are  to  be  divide*! 
into  60  equal  parts  representing  minutes,  the  stale  being  taken  sufficiently  large  for  that 
pnrpo8e.t  In  the  present  figure  the  suMiirisions  are  carried  <mly  to'iWe  a^nntea.  Takn 
.  ,lhc  moon's  horii;ontnl  pam!!a\  from  the  srsile  of  equal  parts  for  the  ra<Uus  CB  ;  with 
which  on  the  centre  C,  desrrilte  tl:e  rirrlc  15 R A  ruttinpr  CR  in  R.  Open  the  sector  till 
t)M  liansfrrse  distance  bO^-*,  bu-  ,  oii  the  bne  of  chord}*,  is  equal  to  the  radius  CB,  and 
•measun-  front  that  line  the  tran-iver<e  distance  2.i  28'  (equal  to  the  obliquity  of  tho 
ecUptic)  wliich  *ot  on  the  rirc'e  ARB  on  each  fide  of  R  to  T  atid  V.  .^oin  Tl'  cutting 
^CR|n  Q.  On  Q  m  a  centre,  with  the  radius  QT,  describe  a  circle  TVt'V,  oo  which  set 
Off  the  aroh  TTV,  effual  to  the  stai'a  longitude.  Tliroogb  V  draw  the  line  TP'  ponM 
toGft.  Opi  tl  tlif  sector  till  the  transverse  di.s{ance  90^',  90  on  the  sines,  is  equal  totbe 
Qldiaa  CB,  then  t  ihr  in  the  compasses  from  the  same  lines  an  extent  tqnal  to  the  tran«- 
verse  distance  corresponding  t<»  the  eomi  h^niefit  of  the  declination  of  the  star,  and  with 
one  foot  in  C  sweep  a  small  arch  to  cut  the  line  VP'  in  P'  tho  place  of  th.e  polo  ttf 
tho  earth. *^  Draw  CF,  nnd  continue  it  on  either  side  fo  ns  to  cut  the  cirrh-  ARB 
in  the  point  VV  situated  abore  AB,  if  the  latitude  of  the  proposed  place  b  nor/A,  but 
Mow  if  iMiftt.  Tn  the  proposed  figure  the  latitnde  io  north.  (If  it  had  been  nomli 
tho  lower  part  of  the  cic«le  ARB  ought  to  hare  been  made  nee  oil)  Open  fht  aeelor 

 — —  -  »   

1  In  Ktrktne««  tfaeM  «|niiitlllfls  MKbl  to  be  rwTMfcil  Ihr  AticfvMlHi  md  Nattflmi  brlUlw  XXXDC 

■-0&LUI.  Imu  Iks  eori'mion  i«  so  rnimll  tbat  U  mnv  »ixrav*  !«•  nrp-tiTtiNl.  If  the  Rl^ht  A<cm*lf«  mml 
ppcruutKra  enfy  are  civen,  Itw  buliiHle  and  lutHfiiude  niJiv  ho  fouwl  b>  Prclilcm  XIX.  and  If  t^e 
htf^r  .ire  eiven,  the  rorm<-r  tnny  l»e  calculated  I  v  rr«l>!f  m  NX. 

J*  In  llw  fi?iirr  I'lie  point  G  is  iijitced  aljovo  ACn.  S't.'iii»c  thr^  mom  i<  in  a  lcs«  wtiibcm  l«tini»*r 
lliaii  tin*  <.t.\r  T.f.is  iviri  of  ibe  ml.*  may  also  1>e  llm*  «'\ptPs<.<-<!.  Kii.  i  i»w  moon's  l.itlnui?  with  il» 
m;:i)  ;i<  in  fuM. m  II,  IVrllx  xh"  «ii;n  -f-  to  stni'c  i  airiiil.*  if  aoflli,  Ut«  aiirn  —  U'  kottlh.  A4d 
ir,  >  Ittiiu.'c^,  i.jliiii.^  tiic  -.i-n^  .i>  Id  jtl-^'.-hra.  di.«  ir.v  fC,  nrlU  !>€  OMalOCll.   If  itS 

l»i4-  pisim  G  is  to  !«•  pUoiil  hUovc  C.  luii  below  0  if  Uie  kictl  U  4-. 

•  Ke*  note  wiili  this  mark  in  pa^o  fi.>2. 

?  Hpc  note  wiili  itus  mnrW  in  p.-i^e  ,^2. 

'  9rc  notr  with  itiis  imrk  in  ixi^r  504. 

srSlSfHWtaMij  be  ftoad  as  la  the  note  ^  ptgc  5»i. 
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TO  f  IIOJISCT  AN  OCCULTATION. 


as  before  bo  a»  to  make  tlie  trajisversfr4Utaiice  of  W^t  60^,  on  the  chorda,  equal  to  6^, 
and  take  the  chonl  of  ihe  complement  of  the  latitude  of  the  j^tace,  i^bieh  aet  from  W  / 

on  each  side,  to  I)  and  d.  \N  iih  the  !<amc  opening  of  the  sector  measure  the  chord  of 
tiie  starts  declination,  wblcU  set  on  the  circle  AitU  from  Ute  noiut  D  on  each  side,  to  E 
and  P,  and  d  on  eaeb  aide  to>  and/  Draw  the  dotted  lines  V/j  lU,  Ee,  cutting 
GW  in  J,  7,  n.  Butect  I  n  in  r,  and  erect  the  line  /  r  u  pfrjiendiculnr  to  CVv  and  make 
rt,ru  each  equal  to  qD.  Open  the  sector  to  make  the  transverse  distance  90' ,  'iu*^  ,  on 
the  sines  equal  to  r  (,  and  on  each  side  of  r  mark  on  the  line  /  r  u  the  sines  of  15' ,  30% 
45',  60  ;  75-^,  (equal  to  Ilk.  2b.  3h.  4h.  6fa.  respectively)  lo  that  radius,  and  marfe. 
the  points  with  those  degrees*  as  in  the  figure  ;  throitgh  thoFC  points  draw  the  dotted 
lines  parallel  to  /n  as  in  tlie  figure.  Open  the  sector  so  that  tbc  radius  r  /  may  corres- 
pond to  the  traosTerse  distance  90  ,  SO  ,  on  the  sines,  and  measure  the  complements  of 
the  former  dcgn  cs  as  tmnsvcr."e  distances  on  tbc  sine."",  vijt.  TS*-*,  6*1%  45  ,  30%  15%  and 
set  them  on  the  above  dotted  lines,  on  each  side  of  the  points  l.'i%  30%  &c.  respectively, 
above  and  below  the  line  tr  u,,  A  regular  curve  n  1 1  it  »  drawn  through  the  eictremitic!* 
of  these  dotted  lines,  will  represent  the  path  of  the  spectator  in  the  ghren  latitude.  Sub- 
tract the  sun'f  fv^ht  ascension  from  the  ntar'«  (increasing  the  1::tter  by  24  hours  when 
necessary)  the  rcniaijulcr  v.  ill  beth<*  hour  of  the  star's  passing  the  meri»l»;in,*  which  is  to 
'  be  marked  at  the  upper  point  /  of  the  path  if  the  star's  declination  is  sontb,  but  at  tbc 
lower  point  n  if  the  declination  is  north.  The  other  honrs  are  to  be  marked  from  this 
point  towards  the  leH,  by  marking  succci^sively,  at  the  points  where  the  dotted  lines 
njeet  the  path,  the  hour  of  the  starN  passing;  the  meridian,  increased  by  lb.  2h.  3h.  &c. 
c  ompletely  round  the  curve,  ol)serTingtortjcct24ho«r8  when  the  sum  exceeds  24h.  In 
the  present  example  the  star's  declination  i.-<  south,  consequently  the  upper  point  /  of  the 
path  is  taken  for  the  hour  of  passipg  th^  meri.lian  19b.  54'.  The  extremities  of  the 
dotted  lines  to  the  left  being  marked  succes.«miy  20b.  H't  31h.  54',  22b.  54',  23b.  54', 
Oh.  54',  &.C.  The  path  touches  the  circle  AKB  in  two  points,  representing  the  points  of 
rising  and  setting  of  the  stir,  which  in  the  ^ffescnt  figure  are  1  Ih.  9'  ;ind  Ih.  39'.  These 
[joints  divide  the  path  into  two  parts,  of  which  one  represent.^  tlie  path  while  tbc  star  in 
above  the  hori7.on,  the  other  when  below,  as  is  evident  from  the  honrs  marked  on  the 
ctirre.  The  half  hours  or  any  other  tntennediate  time  may  be  markei)  in  a  similar  man- 
ner. Thus,  for  the  time  4h.  ^4',  which  "hi  3h.  30'  or  52°  30*  from  the  tunc  7h.  >  1',  marked 
at  the  point  n ;  set  the  sine  of  52^4  to  the  radius  r  t  from  r  to  on  the  line  rf,  and 
erect  the  perpendicular  ff»,  equal  to  the  sine  of.'^T^^  (which  is  the  complement  of  lo 
the  radius  m,  and  the  point  i  will  represent  the  place  of  the  fpeclalor  at  the  proposed 
time.  In  tbb  way  the  halves  and  quarters  of  hours  may  be  rn  i! led  on  those  parts  of 
the  path  where  necei«ar\.  The  smaller  subdivisions  may  generally  be  obtained  to  a 
anflicient  degree  of  exactness  by  dividing  the  quiu^terH  of  hours  into  equal  parts. 

Take  from  the  scale  of  eqtial  parts  an  extent  equal  to  the  scmi-diameicr  of^the  mobn, 
and  beginning  at  the  line  NL  towards  N,  find  by  trials  the  point  /  of  the  moon*s  path .. 
and  the  point  Z'  of  the  path  of  the  Mpertator,  marked  with  the  same  time  and  at  that 
distance  apart.    That  time  uill  be  the  beginning  of  the  oecultalion  or  immersion  at  Ihc^^ 
proposed  place.  Proceed  in  tbc  same  way  towards  the  point  T.,  and  find  the  points  p, 
at  tJie  same  distance  apart,  the  corresponding  time  will  be  the  end  of  the  occultatio^ 
or  emersion.  About  the  points  p',  j»,  as  centres,  with  a  radius  cqtml  to  the  moon's  semi-  ^ 
diameter,  describe  the  small  circles  meeting  the  paths  of  the  92ieetat<ir  in  the  puiutd 
Z\Z.    These  circles  will  represent  the  moonN  disc  ;  the  points  Z',  Z,  the  places  of  the- 
atar,  and  the  linos  CZ',  CZ,  the  vertical  circles  passing  through  the  star  at  the  time*  of 
iLimersion  and  emersion  rcipoclively.    To  render  this  part  of  the  scheme  more  distinct 
to  the  eye,  it  is  drawn  separately  in  Fig.  9,  Plate  XI!.  in  which  the  point  C,  p'  Z',  are 
similarly  situated  to  the  corresponding  points  of  Fig.  9,  marked  with  •  the  some  letters. 
Throu;;h  p'  draw  the  line  a  pc'  narallel  to  CZ',  to  meet  the  moon's  disc  in     c.  Then 
4hc  circle  o'  Z'  c'  being  held  between  the  eye  of  the  obsvrvi  r  and  the  sun,  the  engraved 
or  marked  side  of  the  figure  towards  the  eye,  and  the  line  CZ'  (ora^p'c')  in  a  vertical  po- 
sition with  the  pomt  7'  above  C,  will  reprc>ent  the  appraraiice  of  the  moon  and  star  as  ' 
viewed  by  the  naki  d  eye,  c  will  represent  thv  tjppcr  part  of  the  moon,  o'tbe  lower  part, 
and  Z'  the  point  of  contact.    Tbo  contrary  will  be  observed  if  the  object  he  viewed  by 
an  inverting  teh  t.co|»e.    U  will  generally  l>e  conducive  to  the  accuracy  of  an  ol«ervntio» 
to  estimate  in  this  manner  the  point  of  emersion,  so  .v-;  to  kei  p  that  point  of  the  moon's 
limb  in  the  field  of  view  of  the  telescoDC,  and  the  eye  dirtxtc  l  towards  that  point  of  the 
limb,  so  as  to  perceive  the  star  at  thc,firsl  instant  of  \x»  a|^aranee. — The  situation  of 
the  point  of  emersion  ivith  respect  to  the  hfimsp,  0,  of  the  moon  nm  also  be  made  uae 
of  for  thus  purpose.  The  line  ^  pi  connecting  the  nmonS  horns,  in  nearly  parallel  to  the 
line  CR,  except  very  near  lh«  new  or  full  moon,  so,  that  in  general  it  wUI  be  sul^cicntly 

•  Or  ralber  tb«  harwy  distance  of  ibe  0  and  ^  ai  iLe  fine  of  tbv  ecliptic  conbioctlMi  of  tlie 
MOon  and  ctnr. 


TO  P&OJECT  AN  OCCULTATION. 


coirectto  draw  tiinii||bj»tlMliiief^«ptt«lal  toCB.   If  greafarteeoncf  ItHB^i^i}; 

the  following  coiistniction  may  be  made  use  of.  Subtract  the  sun's  lon^tnde  (rom  the 
jnoon'8,^i2uJce  the  arch  TYliA  equal  toUie  remainder,  and  join  v^>.    Set  on  the  »amr 

-  drde  the  treh  equal  to  the  meon's  latitude ;  belov  the  poiut  T  if  that  latitude  it 
$imth,  above  if  ;iorlh.  Through  (J  craw  the  line  0  ti  parallel  to  TQ  to  cut  in  c  awl 
rit  in  (?.  T  ikr  thr  cxtfni  QT  and  s«  t  it  on  (he  line  ^  V  ahore  S  to  /..  Join  /j  c  and  pli* 
alkl  tliereto  through  p  draw  the  line  f  p  6  cuttuig  the  nioon'a  disc  in  the  points  p  0  rrpff- 
flentingthe  bona,  the  flgnre  beiag  viewed  aa  tSove  dlfected.  .  The eal^lened  part  pT 

«th0  noon  w  that  neaieil  to  the  rally  the  darii  part  b  the  nostdiflaiUlk^ 

BXAl^IPLB. 

.  Required  the  iiuics  of  immeraiou  and  emersion  of  Spica,  Dec  12,  ISOS,  ai  a  place  ifi 
£be  latitude  of  80°  N.  and  in  the  longitudo'or  Ih.  9id.  oeat  from  Oreeawieh  ? 

By  the  first  page  of  the  Nautical 
Almanac  for  the  month  of  December 
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1806,  the  time  of  the  ecliptic  con 
Jhoction  of  the  moon  and  Spica  (mark- 
<!d  5  o  frj?)  was,  December  12,  l7h. 
33'  at  Greenwich,  corresponding  to 
18h.  49^  at.  the  propooed  place.  At 
the  lime  at  Greenwich  ifh.  IV/  tli« 
elements  of  the  occuUation  were  as 
Sn  the  a4joined  Table  .calculated  by 
Iha  ahore  rule.  M.rtn«le  by  %.  A. 

Draw    ACB,    and   perpendiculaij^'»iati:u.*.  .  rub  XXXVIL 
thereto  the  line  CGY.    Make  CG 

eqjbal  to  the  dfflhrenoe  between  the  _ 

latitudes  of  the  moon  and  star  12  '2iV"  takt  n  from  a  scnlr  of  equal  parts,  the  point  Gbe- 
ii^  above  C,  because  the  moon  is  northward  of  the  ?tar.   Make  C* )  equal  to  tiic  mooii!a 
boraiy  motion  in  Ibngitudc  35  55  '.2  to  the  right  of  C  ;  and  CP  equal  to  thehorarj  mo- 
tion in  latitude  3'  -2".7,  the  point  P  being  above  C  because  the  signia— <or  the  latitude 
south  decreasing:.)    Draw  N(JI.  parallel  to  <>P.    Make  DP  a  transrersc  dij^tancc  of 
ffOf  60,  on  the  line  of  lines  of  the  sector,  and  mea«ure  from  the  same  lines  the  transrene 
dirtaiiee  49,  43  (corresponding  to  the  minutea  in  the  tine  of  the  eoi^jinietion)  tUi  itti> 
fiocc  scion  the  line  GN,  from  G  towards  the  right  hand,  reaches  to  the  point  xof  the 
patii  where  the  hour  preceding  the  ronjunetion  is  to  be  marked,  viz.  \Sh.    Take  OP  In 
the  compa.<)se5,  nnd  mark  it  on  the  line  LN,  from  x  or  iSb.  to  tbe  right  to  I  Tb.  and  to  the 
loll  to  19h.  20h.  &:c.     rhc:<e  ure  subdiTided  into  fire  minutes,  the  scale  not  udmitting 
of  smaller  divisionf.     T.iUc    t!ic  moon''*  parnlliix    4   i.V'.a  from  tbe  scale  of  equal 
parts,  and  with  that  radius  describe  about  the  cculrc  C  the  circle  ARB.    Set  off  (by 
means  of  the  eector)  tiie  arehea  RT,  Rl),  eaeh  equal  to  iSPWf.  JoinTQI},  andateuE 
(hat  diameter  drsoribc  the  circle  TYI  V  F'.    Makf  thr  arch  TVV  equal  to  the  8lar*s  loa« 
gitude  201^  10'  51",  which  is  done  by  making  the  arch  L  V=2l  '  10' 31".    Drtiw  FV 
parallel  to  CR,  and  yith  an  extent  equal  to  the  complement  of  the  starts  declination 
79^^50',  taken  as  a  tianavnite  distance  from  the  <>ines,  with  tbe  radius  CB  ;  and  wtt 
one  foot  in  C,  sweep  an  arch  cuttinp:  P'V  in  P  .    -loin  CP  nnd  continue  it  to  meft  thr 
circle  ARB  in  W.    Set  on  each  side  of  VV  the  arches  WD,  VVi/ equal  to  the  com- 
plement of  the  Ifiitnde  of  the  plaee  70°.    Make  the  arehes  DP,  DE,  d  f  it  eadk 
equal  to  the  star's  declination  10"  IC,  and  draw  the  lines  F//,  DgrfjEnr,  caf- 
ting  CW  in  /.  q,  n,     IJifect  /  n  in  r,  draw  t  r  u  parallel  to  D  9     and  make  r  i,  r  n 
equal  to  q  D.     Through  the  pouits  /,  t,  n,  u,  i,  draw  the  path  of  the  spectator  as 
taught  in  the  above  rule,  and  mark  tbe  hour  of  the  star^  passing  the  meridian  1%. 
53'  50"  or  19h.         at  the  upper  point  /,  because  the  star's  declinatinu  i-*  ^otith.* 
Mark  the  following  hours  in  succession  20h.        21h.  54',  itc.  to  the  left,  as  in  the 
torn.    Take  an  extent  in  the  compasses  equal  to  the  moon**  aeaiS-diaineler  Iff 
If*.8  and  beginning;  to^vards  N,  find  a.s  above  directed  the  points  ^,  Z'.  at  that  di^ 
tance  apart,  and  marked  with  the  same  time  lf)h.  57',  which  is  the  time  of  tbe  imroer* 
aion*    Proceed  in  the  same  way  for  the  erai-rsion  corre.nponding  to  the  points  p, 
at  the  same  dlitaace  apart,  and  the  4iine  of  the  emersion  iSh.  10^  will  be  obtidned. 
With  dm  saow  eitent  describe  about  p  and  /  the  smaU  circles  representing  the  daft 


*  In  ^tririn«*«<  tJ)p  lon(r'»nf^«»  nnd  iTifudc  of  thenioon  nt  the  finicof  ii'imcrwon  or  einer»'Mn«  oofrblto 
b»'  iT.n'l'"  n^"  n'.  hilt  if  win  l>o  >.ufrM-iei!<lv  t(i  lu'"  ihi'  •■tAr''>  l'n!;,'iMii)p  ins'ra«)  isf  thf>iiKX>n'>  f'ip<Te«*- 

jiv^  it  by  3G(y*  wben  it**  iban  the  &uti's  loDgituilc)  ami  ihe  moon's  latitudr  at  the  cuoiunctKm.  <,jiiM(ttv« 
or the  same  enter  as  the  ineen*«  piratlax  me  nejfectfil  in  lb«  rahie  of  tte  sreh  TYUX* 


w  cJoxvuM  Tsa  iioiiniiir«  mi  ckii  t»  axi  eclimb.  (Sox 

of  the  moon  at  these  times,  and  cutting;  the  path  of  the  speetatmr  in  the  point  Z,  Z'. 
.loin  CZ',  Cp',  nnd  parnllf!  to  CZ',  draw  c',  p'  o'  ctitting  the  moon's  disc  in  c',  a'  (as 
ill  Fig.  9,  P.  Xll.)  and  the  arch  a  Z  will  represent  the  distance  of  tl»e  point  of  immer- 
flion  from  the  lower  part  a'  of  the  moon.  The  line  CZ  runs  nearlj  through  tbe  point 
no  that  the  top  part  of  the  moon  r  and  the  point  Z  nearly  coincide,  consequently  th'- 
emersion  happened  near  the  moon's  zenith.  Uy  fubtracting  the  sun*e  lomdtude  2bl^  7' 
fton  the  mooii*t  or  iter's  90i^  10',  (increased  by  36(H)  the  renaiBder  itWP  3',  which 
b  to  be  narked  on  the  circle  TVLV  to  the  point  X.  Make  tb<:  arch  Tfi  equal  to  the 
moon^s  Intitude  I^^  19'  i.V ,  taking;  the  point  /?  Ik  Io^v  T,  because  the  latitude  i»  south. 
Draw  the  Unes  X  Q  /3^<  S,  ^  p  p  0  a»  in  the  ruii-,  and  the  points  ^  will  represent  thee 
plaeei  of  the  moon's  horns.  The  point  of  emersion  Z  wiU  be  to  the  weetward  of  the 
Vfpa  ham    about  60^  oMafured  on  the  moon's  Hob, 

REMARKS. 

1.  ^Vhen  it  is  thought  necessary  to  take  notice  of  the  spheroidal  form  of  the  eartJi, 
tte  eorrections  of  latitode  and  parallax  of  Table  XXXVIIl.  nmt  be  subtracted  from  the 
latitude  of  the  place  and  the  moon's  horizontal  parallax  respectifOly,  to-obtaiu  the  lali* 
tude  and  parallax  to  be  made  use  of  in  the  aVovp  ni\p. 

2.  Subtract  2'  from  the  moon's  semi-dianicter  given  by  the  N.  A.  the  remainder  if 
to  be  made  use  of  wiMoMl  eMfmenlefisn,  on  aeeoont  of  tbe  altitude  of  the  moon. 

3.  The  corrections  for  the  change  of  the  moon's  somi-diamctcr,  horizontal  parallax, 
and  horary  motion  during  the  occultation,  are  nc^^ied  in  tbe  above  rule,  as  not  male- 
dally  aflecting  the  result. 

4.  The  line  C  Z\  m(  a5urcd  on  the  sines  as  a  transrerse  ^stance  to  tbe  radius  C 
will  be  tbe  star's  zenith  di.stance  at  tbe  immersion.    In  a  sinilar  pUUUier  it  majbe 
foimd  at  the  emersion  at  Z,  or  at  any  other  point 

5.  The  enm  1 1  n  u  aaay  be  made  to  aaewer  for  any  latitnde,  ae  in  PnUfln  XL  * ' 
Bnaikr. 

CsfeulsMoii  iff  an  OccuUalion  qf  a  PUaut  bv  the  Moon. 
By  a  similar  process  the  times  of  laBmersion  and  enernon  of  a  planet  may  be  cal« 
Culated  by  finding  the  planet's  ri|^  aseension  and  declination,  geocentric  longitude  and 
latitude  from  the  Nautical  \lmanar,  and  using  them  instead  of  tbe  star's.  Also  by 
i'rob.  II.  the  horary  motion  of  the  moon  Irom  the  planet  in  longitude  and  latitude,  whicjil 
•te  to  bo  used  instead  of  the  beraiy  motioa  of  the  oMMNi.  In  this  prcgeeCion  it  will  not 
be  neccHsar}'  to  take  notice  of  tbe  parallax  of  the  planet,  but  it  may  be  easily  allowed  for, 
bgr  taking  the  radius  C  B  equal  to  the  ditiereoce  of  the  horizontal  parallaxes  of  the  muoii 
and  planet  The  apparent  diameter  of  the  ^phinet  may  also  be  n^ected,  making  the 
distances  pZ,  p'Z'  equal  to  the  moon's  seau-diameter.  When  great  accuracy  is  required* 
the  sum  of  tbe  semi-dituneters  of  the  moon  and  planet  must  l)e  made  use  of  for  ^flliU^ 
the  external  contacts,  and  their  diiierencc  lor  Uic  internal  cf  ntacts. 

PROCLKM  XIII. 
To  caUuUUe  Uu  beginnins;  or  end  t(f  e  «o<ar  Edifie, 

RLLE. 

TUs  must  be  dene  by  approxiniatidn,  by  assuming  a  time  for  the  begiimlDg  or  eoHdL 

tbe  eclipse,  as  for  examp!*;  the  time  obtained  by  projt  etion  by  ProHetn  XI.  the  time 
new  moon  at  tbe  place  of  observation,  or  an  bear  before  or  after,  according  as  it  is  the  be- 
ginning or  end  of  the  eclipse  that  is  sought.  >V  ith  this  time  calculate  the  elemttntacgfllie 
eclipne  and  the  parallaxes,  as  taught  in  the  tint  part  of  Problem  VIll.  ThepainiP^ 
applied  to  the  longitude  and  latitude  of  the  moon  by  the  N.  A.  will  give  the  apparciit 
longitude  and  latitude.    Find  the  lUd'crcoce  ol'  the  apparent  longitudes  of  the  moon 
And  sun,  and  fion  its  prop.  log.  inereasing  tbe  indes  by  10.  subtract  the  prop« 
log.  of  the  mooA*s  ipparent  latitude,  the  remainder  will  be  the  log.  tangent  of  sn 
angle,  whose  corresponding  log.  co-sine  is  to  he  added  to  the  prop.  log.  of  the  difl! 
of  longitudes,  the  sum,  rejecting  10  in  the  index,  will  be  tbe  prop.  log.  of  tbe  apparent 
distance  of  the  centres'of  the  sun  and  moon,  which  ought  to  be  equal  to  the  suaief  Hm 
corrected  semi-diameters,  if  the  a.<!sumed  timt  was  correct.    If  this  is  not  the  case,  th6 
operation  must  be  repeated  with  an  assumed  time  difleriog  a  few  minutes  firom  tbe  formeiTj 
'ttM  die  appnent  distanee  of  tho  centres  of  the  sun  and  moon  must  be  calculated  in  thia 
new  supposition.  Then  add  together  the  arith.  comp.  oflhe  prop.log.  of  the  difference  of  tibft 
apparent  distances  thus  calculated,  the  prop.  log.  of  the  ditTerence  between  the  first  calcula- 
ted distance  and  the  sum  of  the  semi-diameters,  and  the  prop.  log.  of  the  interval  of  time 
between  the  two  suppositions,  the  sum,  rejecting  10  in  tbe  index,  will  be  the  prop.  log. 
of  the  correction  to  l<e  applied  to  the  first  assumed  time,  which  at  tbe  beginning  uf  an 
eclipse  is  to  be  added  to  the  fint  assumed  time,  if  the  distance  be  greater  than  the  sum  of 
tteseni-diameten,  bntsuHructod  if  less;  and  the  contiaiy  in  calnilalin|  the  and  of  m 
ecQnto ;  (he  son  fft  dlAiEuub  will  be  tta  sj^uidiiufK  Unie  <tf  die  iR^uiuii^  lAr  Md 


QUii      TO  CALCULATS  TB£  BEGINNING  OE  EKD-OP  AN  XCLVSS. 


of  tbe  eclipac.  If  great  accui-urj  is  required,  the  operation  be  repealed  with  tiiis 
•ppnnimate  time,  combining  thiit  remit  witii  one  or  the  former  wipporitiwM,  tad  ttm 

the  operation  may  fx-  r' peatcd  till  the  apiinrrrit  ili  t'aiirc  of  the  cciitrcs  at  the  MMOMd 
time  is  found  to  lie  exactly  eqatU  to  the  stun  of  Ibe  corrected  flemwiiameter^. 

Remark,  This  rule,  with  sontt  modificBlion,  w9l  wmfmt  for  eakulnting  the  time  of 
an  occuhation  of  a  fixed  star  or  planet  by  (hi:  moon.  Inthb  case  the  star's  longitude  i« 
lobe  fotind  in  "nh\v  WWII,  and  coiTictcd  for  thr  eq  lation  fables  XI..  (or  the 

|)1anct'ii  longitude  is  to  be  taken  from  the  iNautical  Almanac)  tbe  dillereace  btstireen  tiiit 
and  the  mooo*s  apparent  iongitode  correipondin;  to  the  amumed  time  teinip  fbmd,  ila 
"prop.  ](rj;.  is  to  hr  added  to  the  lo;^,  secant  of  thr-  moon's  apparent  latitude,  and  the  bum  i< 
to  be  used  in  finding  the  distance  of  the  centres  instead  of  the  prop.  log.  of  the  did*,  lon^. 
of  the  sun  and  moon,  with  the  index  increased  bj  10.  Hie  latitadc  of  the  star  b  to  be 
ibund  by  Tables  XXXV'II.  and  XLl.  or  the  planet's  latitude  by  the  Nautical  Almaner, 
and  added  to  the  latitude  of  the  moon,  if  of  a  diflVrcnt  name,  otherwise  their  difference 
is  to  be  taken  aud  made  use  of,  instead  of  the  moon's  I  ilitudc  in  the  above  rale.  Lastly, 
inrtead  of  tibe  ram  of  the  eemi^iametera,  the  semi-dfaunetMr  of  tbe  moon  is  to  be  maoe 

use  oC  When  von-  i^rr.it  arriinii-y  h  r(  quired,  in  calctibtin;^  nii  occiiltation  of  a  p!aQ0t 
by  the  moon,  the  didercnee  of  the  parallaxes  of  the  moon  and  planet  Jecrea«ed 
by  ttie  correction  of  Parallax  i'able  XXWIII.  is  to  be  made  use  pf  as  the  reduced 
psreUax,  iu  fmding  the  {taralUoea  in  longitude  and  latitude.  Wlicn  the  apparent  dii^ 
tancc  of  the  centrt"«  of  th«'  moon  aiid  planet  is*  eq  lal  to  tlie  s\im  of  their  semi-<Viametcr5, 
their  limbs  will  just  ;^)pear  to  touch  each  other,  and  when  that  distance  is  equal  to 
the  dilleniiee  of  the  Mmi-ditBeters,  the  planet  wOl  be  whoQy  covered  by  fkt  moon. 

EXAMPLE. 

Required  tbe  time  of  the  bcgtnnin2;  of  the  solar  eclip-^c  of  June,  iSOfi,  at  Salcm,  sup- 
posing  the  errors  of  tbe  moon's  longitude  and  latitttde  in  the  Nautical  Almsnac  le  be 
unknown  ? 

To  abridge  the  present  calculation,  suppose  Ae  begiaaifliE  of  the  eclipse  to  be 

Jime  l^d.  '2:)h.  f)'  H  .1  app.  time  the  elements  correspondhi^  to  which  hate  been 
cefcldated  in  Problem  V  i. ;   namely,  I  s  apparent  longitude  S4   8'  S0".3^ 
lent  letitade,  1'  55".8  N.  these  being  correeted  for  the  errors  of  ttw  taMoe,  fiflT.S  eai 
Jl''.4,  hence  the  uncorrected  values  are  84^  9'.4S".8,  and  2'  7".2  N.    The  difTcrenco 
Mween  this  app.  long,  of  the  monn  and  tbe  sun's  longitude  84°  41'  3".4,  is  31'  liT,^ 


DUriooi;.  St    14  .6P.  L.  ta7606  •  O.W)d 

t  7  :2F.I.  t.fln0 


DUr.  loog. 
9  App.  Sat 
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This  apparent  di'«lnnre  differs  1'  from  the  ftim  of  the  scmi-f^iametem  32'  93^.5. 
It  is  therefore  necessary  to  make  a  second  supposition,  as  for  example  ten  loinates  fauer, 
o(>  at  9Sh.  16'  19".],  vitb  this  time  the  elements  are  to  be  again  cnleiilated  as  in  PrMcm 
VI.  namely,  D'»  npp.  lon^.  uncorrected  84^  14'  7". I,  0's  lone.  84^  A\' tnTJt,  Mr 
Allerence  27'  iC  .1,  })'s  app.  let.  uncorrected  for  error  of  tables  l'  ^'.8  N. 

nirr.  k»ir.      27.10.1      p.  l.      ia82i2  tusiiz 

l^AffwUI.       IJSJ         P.L.  IJ5B6 

Tanc^  1.1020 
.  (seeond  App.  Diit  ®  1  tr,  w.i 

First  Ai^.  Dlst.      0    ])    31.   19  0 

niflerrnce      4.     4.  3  P.  L.  Ar.eo.  8J^i 

DiCltt.tfiL  i  SemUliam.     I.  ''4.5  P.L. 

.  Intel  vnl        10.     0.  p.  L.  1.2*35 


Comcfioa     2.  38.  F.X. 

First  supposed  Itaw    l&L  ISh.  &  ^ 

Appmlnwite  timp       1&  22.  a.  lai 

If  this  approximate  time  had  ditierrd  very  much  from  tbe  a«sv.mod  lime';,  it  wo^ld  be 
Dcoessaxy  to  repeat  the  operation  till  the  hist  ansumcd  and  calculated  times  agree. 

PROBLKM  XIV. 
€f4vm  ike  mem*t  trut  Umgihuie  to  find  th*  appmtnt  Hme  at  Grmtrnkk* 

RULK. 

1.  Takb  (him  tin  Nautical  Almak»ac  tbe  two  longitodea  jmncdiately  prscedini; 
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the  given  longitude  ami  the  two  rollow  ing,  and  fiiul  the  first  and  second  iliffercnccs  is 
in  Problem  I.  Call  the  middle  term  of  the  first  ditlcrences  the  art-h  A,  and  the  half 
sum  ©f  the  second  diflcrenccs  (noting  the  sipis)  the  arch  \i. 

2.  To  the  constant  logarithm  4.b354S  add  the  arithmetical  conip.  lo».  of  A  in  seconds, 
and  the  logarithm  of  the  dilfercncc  in  ."eeoiKls  between  the  given  longitude  and  life 
second  longitude  taken  from  the  Nautical  Almanac,  the  sum,  rejecting  lt>  in  ex, 
irill  be  the  logarithm  of  the  a}ipi  oxinuU€  time  T  in  seconds. 

3.  Enter  '<  ab!e  X_LN .  with  the  arch  ii  at  tlie  top,  and  this  time  T  at  the  aide,  and 
find  the  corresponding  correction  :  to  tiie  logarithm  of  which  add  the  two  first  loga- 
rithms above  found,  the  sum,  rejecting  10  in  the  index,  will  be  the  correction  of  tlie  ap- 
proximate time  to  be  applied  with  the  sume  sign  as  the  ureh  B,  and  the  correct  appa- 
rent time,  counted  on  from  the  second  noon  or  midnight,  will  be  obtained. 

EXAMPLE. 

Suppose  tl)€  moon'i*  longitude  Dec.  12,  ISOS,  was  6s.       38'  53''.    Required  tlie 

apparent  time  ?    As  in  Example  I.  Probh-m  I.  A=7^  11'  1S".=25878".  B=-f-4'  51".5 

and  the  difl'eixnce  between  tlie  given  longitude  ami  the  second  longitude,  taken  froin 

thc^Nautical  Almanac,  t)s.  17  51'  3b"  is         ,-2Z  '.=it  \  t2".    Ikncc  (as  in  the  following 

calculation)  the  approxbmte  time  p;\st  midnight  is  2h.  5*1'  14",  this  an  J  the  arch  B  gives, 

in  Table  XLV.  the  equation  27''.5  whence  the  corrcdicn  is  -HO  ')  and  the  sought  time 

31).  past  midnight  or  Dec.  I2d.  I5h. 

Cunscant  log.  4  G3?18 

A         21878  '  Ar.  CO.  loj?.  5io3707  6.5S7U7 

DiflT.  long.         6442  '         log.  ti.Oi^Oi  Eq.  Table  XL V  27  ".5  Log.  1.43J33 

Apjifox.  liaic  2b.  53  14  =10754"       loj.   4.03157  Currcclion-H6".        I^»g.    1.661  H8  ' 


PROBLEM  XV. 

Ch'en  the  distance  of  Ihe  moon  from  a  fixed  slar  not  marked  in  the  J^'autical  ,^}manac, 
lo^elher  tcith  the  altUudes  of  the  ohjrcts,  the  ojiparetU  lime  of  observativn,  and  the  ei.- 
timated  longitude,  to  find  Ike  lon^iludt;  of  the  place  of  observation. 

RULE. 

To  the  apparent  time  of  observation,  by  astronomical  computation,  add  the  estit5iuh 
fed  longitude  in  time,  if  west ;  nubtract,  if  cast  ,  the  sum  or  difference  will  be  the  snp> 
^)osed  timeut  GreeuTficb,  corresponding  to  which  find  the  moon'o  latitude  by  Problem  I4 
also  the  longitude  and  latitude  of  the  Star  by  Table  XX XVII.  and  correct  them  for  ab0r> 
ration  and  nutation,  by  Tables  XL.  .\'LL 

With  the  apparent  altitudes  and  distance  of  the  objects,  liiid  the  correct  distance  bj 
the  usual  rules  of  working  a  lunar  observation. 

To  the  correct  distance  add  the  latitudes  of  the  moon  and  star,  and  find  the  difference 
between  the  ludf  sum  and  the  distance.  Then  to  the  log.  scrant^*  of  the  latitudes  of 
the  moon  and  star,  re,iccting  10  in  each  inde.x,  add  the  log.  co-sints  of  the  half  sum  and 
dilfercncc  if  the  lalitudes  arc  of  the  same  name  ;  or  the  lo».  sines  if  of  a  conlrary  name  ; 
lialf  the  sum  of  these  four  logarithms  will  be  the  log.  cosine  of  half  the  diirertMicc  of  lon- 
gitude if  the  latitudes  are  of  tlic  same  name,  or  its  log.  sine  if  of  a  different  name. 

The  ditfisrence  of  longitude  is  to  be  added  to  the  apparent  longitude  of  the  star  if  tlin 
moon  is  east  of  the  star,  other^vise  subtracted  (borrowing  or  rejecting  3bu  when  ne- 
cessary;)  the  sum  or  diHcrence  will  be  the  true  longitude  of  t!ie  moon,  whence  the  time: 
at  lireenwicb  may  be  found  by  Problem  XIV.  The  difierenci;  between  thi.s  and  the  ap- 
parent time  at  the  ship  will  lie  the  longitude,  which  will  he  west  if  the  apparent  time  at 
Greenwich  be  greater  than  the  time  at  the  ship,  otherwise  ea^t.  * 

REMARK. 

This  metho<1,  with  a  slight  modification,  w  ill  answer  for  finding  the  longitude  from  th'« 
obscned  distance  of  the  moon  from  a  planet,  as  Jupiter,  \  enu9,  Mar.*,  or  Saturn.  The 
only  difference  consists  in  finding  from  the  Nautical  Almanac  by  Problem  F.  the  Geocen>* 
trie  long,  and  lat.  of  the  planet,  which  are  to  be  used  instead  of  the  longitude  and  latit- 
ludc  of  the  star  in  the  above  rule.  For  tiie  daily  variation  of  the  longitude  and  latitude 
of  a  planet  is  so  small,  that  no  error  of  moment  can  arise  from  calculniiiig  those  quanti- 
ties for  the  viypoxrd  instead  of  the  true  lime,  at  (jrcenwich,  and  the  parallax  and  seoit- 
diametcr  of  the  planet  are  so  small  as  not  to  atfect  the  calculation  materially. 

The  latitudes  of  the  moon  and  the  fixed  star  or  planet  made  use  of  in  theae  obscnra- 
ti'ons,  ought  not  to  difl'er  very  much,  on  account  of  the  decrease  of  the  relative  mo- 
lion  arising  from  tliis  source.  If  the  latitudes  are  of  a  different  name,  their  sum  ;  oth- 
cfwiv;  their  difference  ought  to  be  found,  and  if  it  does  not  exceed  one  third  |>art  of  tho 
diflercnC'/  of  longitude  of  the  two  objects,  they  may  in  general  be  made  Use  of. 

?  s  (rAR.) 


XO  Wl2iD  TlLIk  LOKQlTUOfi  OF  A  tLACfi: 


EXAMPLE. 

Suf^ose  that  oa  the  7Ui.  January,  sea.  account,  at  th.  67u).  P.  M.  iii  tkc  luu' 
gitiide  of  190*=^  W.  by  aeeount,  the  obserred  dbtance  of  the  fartheal  timb  of  the  mMi 
from  the  star  Aldi  Imran  uas  .59^^  7'  4",  the  observed  altitude  of  the  r^tar  43  lt<',  and 
the  observed  altitude  of  the  moon's  tower  limb  52^  52'.  Required  the  true  longitude^ 
without  using  the  djflances  marked  in  the  Nautical  Almanac,  upon  the  ttipposition  (hat 
the  J  were  not  gifen  in  it  ? 

!n  (Iii^  rnsr  the  supposed  time  at  (ireetnvkh  «as  Jan.  6d.  14b.  37m.  horiz.  par. 
54'  35' ,  D  »  S.  D.  li'  5".  Apparent  distance  of  centrea  D  *  38  51'  59",  whence  (bj 
the  rale  page  167)  the  correct  distance  is  38°  47*  26".  The  Moon*a  latitade  Mwed 
from  the  Nautical  Almanac  by  Problem  I.  is  2^  37'  36"  N.  The  Star's  ton^tucle  and 
latitude  is  found  by  Tables  XXXV 11.  XL.  XLl.  making  use  of  the  longitude  of  the  Mooo't 
node  78.  28"^  15',  and  the  Sun's  longitude  98.  15^  42*,  as  given  in  the  Nautical  Ahnaaad 

Table  X\XVI[   ^  L<>n(r.  Jaaw     180^  e7*.6'.i:i'  .5      ik  Latitndu    60.2r.4tr'  .6  & 

Table  XLL      Aberrntion  +  |5  .7      AN  rniUon         +    I  .2 


TaUe  XL.  Eqast  Equioox 
;|e  Apparmit  leogltade 


Correct  ni: 
A  Latitude 


+  15  .2     3(C  i«ip.LU.    5  31^1  18. 


67.  6.fi2 

S8.47. 
'2.?>1.  iiii  N. 
5.2a.  51  S. 

Sum  46J&<ar 


Sec.  QSXtM 

Sec  osmm 


i  DifT.  of 
Diff.  of  Look 
Hfft  LoofiUMe 


Ilatr  Sttm  23.2«.  56     5Ti«t*  9.Sa06t 

IMT.  i  mm  and  diflt.  IA'J0.S0 


18.59.  21 
S7.5a.  43 

67.  &n 


Situ*  9  51240 


i! 


LoPg.  Jan.  6d.:iShl 


29.  8.  10 
27.49.  6 


%  Longitude,  Jan.       Cd.  Oh. 

V  6.  12 
*     7.  0 

;7.  12 

rmstaut  log. 

Ass5«-''7 .2K  ^i^isj'  '  lo^.eob 

I.  in.    4  =  4744"  lofc'. 


t.ta  494T44" 

■  Dur. 

0  '  " 


5.55.56 


4-3.  8 
.•fl.  43 


Approa.  time  2b.  aV  iff'ss9iS6^'  tog*  &98Q27 
Oomctioa     -f*  >9 


2t.  SS.  to 
27.  49.  6 

S3.  46.  32 
sa  4*?,  6 
4.63548 

3U)7614    Eq.  Tab.  XLV.+9  .4  Lofe. 

CarreetlM<f  isr*  Lb^s 


2  DifT 
+1'».30" 

8 


isrm 


HmST       2.  99.36 


llence  time  at  Oicenwich 
Apikllawatdilp 


PROBLEM  XVL 


I4h.  Sy  56" 
6.   37.  0 


9»  & 


Gkrni  the  intervals  of  tune  between  the  passages  of  the  mowCs  limb  and  tfized  dtr 

nver  two  difftmit  inrridiaiiSf  to  find  the  diffirence  of  lougiUtdc  of  the  ttct  meridiarLs. 

In  making  these  observations  it  is  usual  to  note  tlie  times  of  transit  bj  a  clock  it- 
gulatei  to  aiderlal  time,  being  the  moat  convenient  ibr  calcttlation.   If  the  talamli 

are  given  in  mean  solar  lime,  they  may  be  reduced  tO  aldcrial,  by  addiui;  a  pnipM* 
(iniKil  part  of  the  daily  din'ereiire  3'  ;>6".6.  Thus  if  the  interval  vrns  h  hours  mrxx 
time,  tliii  correetion  nould  be  found  by  «aying  us  2-lh. ;  6h.  : :  3'  5b".6  :  Sy.l,  vihidk 
added  to  6h.  gives  the  interval  in  siderial  time  6h.  </  S^'.l.  lo  tbelbnowingnAalt 
Is  .iipposod  that  the  inters  ;ds  are  given  in  siderial  time.  The  constant  logaiilhB 
4.b3bb7  mode  use  of  in  the  rule,  u  the  logarithm  of  43318  second?,  the  iiiimbf  r  of  te* 
(smds  siderid  time  in  half  a  meau  solar  my.  In  atriotneas  this  quantity  ouzlit  to  be 
equal  to  the  logarithm  of  the  number  of  seconds  aidcrial  time  in  12  hours  <i^parr«i 
tune,  wliit  h  niMv  lidor  1  .'5  seconds  froin  4331 S" on  account  of  the  daily  variation  of 
the  equation  of  time.  The  correction  arising  from  this  source  is  very  staall,  and  mtf 
in  general  be  neglected,  though  it  can  be  aHowed  fcr  In  a  very  shnple  maimer,  rfMa 
the  Ifijarithin  \:iri(  >^  an  unit  in  th<-  fifth  d<  rinial  place  for  l"  of  time,  llenc^'  tbf  rt>r- 
icctiun  of  the  lugaiithm  is  equal  to  half  the  daily  variation  of  the  ftywfWTt  of  tmt  in 

"  Ijse  cWjM  U  ihe  laUtodes  ace  of  tlic  ssaie 


.TO  FIND  THE  mmmscM  OF  THE  Sim  akd  udqv*  CQA 

^cend£|  giren  in  the  Nautical  Almanac,  to  be  added  to  4.63667  nhcn  the  equation  cf 
time  ia  marked  odJ  and  is  increasing,  ur  .vi(6.  and  decreasing ;  otbcnvisc  ntbtraeted. 
Thoa  if  the  observation  vras  made  July  4,  1808,  the  equation  or  time  ia  marked  add,  and 
Is  increasing  daily  10". 5.  hair  of  u  hich  or  5  is  the  correction  to  be  ftddcd  (0  4*63667  to 
obtain  the  logarithm  4.63673,  tu  be  made  use  of  Jul^  4,  ISOS. 

RULE. 

If  the  moon  be  observed  at  both  places  on  the  same  side  of  the  star,  take  the  diflerence 
of  the  observed  intervals,  othcnrise  the  sum,  which  reduce  to  seconds  of  sidcrial  time, 
and  find  the  corresponding  logarithm,  to  which  add  the  arith.  comp.  lug.  of  the  varia^ 
tion  of  the  moon^s  right  ascension'^  in  12  hours  in  seconds,  and  the  log.  4.636(7  (coi^ 
FBCted  for  the  variation  of  the  equation  of  tiirif ,  as  directed  ;ibo\e,  when  very  rcat 
mccoracy  is  neceasary.)  The  sum,  rejecting  10  in  the  index,  will  i)c  the  log.  ot  a  uum- 
htt  ^  aeeonds,  fVom  wUeh  aublnet  tho  above  diflbrenee  of  iaterrab,  the  fOMinder 
trill  be  the  longitude  in  time. 

The  ioe<tem  phkoe  of  obaervation  corresponds  to  the  grtaler  interval  if  the  star  ia 
MfoftiM  aMWii,  the  ictf  if  aesf.  If  the  moon  be  dfaamid  on  opposite  4itei  «f  Ike 
star,  the  weitan  ptaee  wHI  be  where  the  star  is  to  the  nestweid  of  the  moon. 

EXAM  FIX. 

Suppose  that  on  the  4th.  uf  July,  ISOS,  the  interval  insiderial  time  between  the  transit 
of  tlM  moon's  western  limb  and  Antares,  observed  at  Greenwich,  was  22^  6"  ,  and  the 
Interval  at  a  aecond  plaue  was  20^  3"  ;  the  increase  of  the  moon's  right  ascension  in  12 
hours  (corresponding  to  the  middle  time  of  the  moon's  transit  by  the  meridians  of  tha 
two  places  reduced  to  Greenwich  time,  9h.  26  )  being  l>y  I'rob.  U.  Ex.  111.  30'  22".  1  the 
«tar  being  to  tfM  eaatnard  of  Oe  moon.  Reqninsd  the  loi^ade  of  the  eeeond  pitf e 
iof  observation  ? 

laterval  ai  Gre^iri^^^  g^.  ^'      6id.  time 


nCoTfnttrvals  2.3r=i23  kg;  * 

Vv.  ^  B.  A.  la  tStb  SO'  S2".l.  iQ  tiiBcssim  ".1  kf.  «o. 

"  ibf*       Caneeiedai  above. 


MS"  loff. 

Subtract  diff.  intrmds  123 
^         Remain*  long,  in  time  28ti'.!=4<>'  42"  W.  from  Grcrawicb. 

This  method  of  detennining  the  longitude  admits  of  a  very  great  degree  of  accuracy 
on  account  of  the  frequent  opportunities  of  observation.  Other  methods  of  finding  the 
longitude  depending  ou  the  same  principles  have  been  proposed.  One  consists  in  ob- 
aer^i^  the  apparent  tfane  of  the  moon's  passing  the  meridian,  end  eonii)aring  it  vrith  the 
time  of  passing  obsened  at  (Greenwich,  or  deduced  from  tfie  filautical  .Mmanac,  and 
raking  the  difference  of  these  times,  and  saying,  as  the  daily  difference  of  the  moon's 
passing  the  ;neridian  (deduced  from  the  Nautical  .\lmaiiac  for  the  time  uf  observation) 
10  to  S60^,  so  is  the  above  difference  to  the  longitude  of  the  place.  Another  method 
consists  in  deducing  the  longitude  from  the  chan^^e  of  derlirintion  of  the  moon,  obtained 
from  her  observed  altitude  when  on  the  meridian,  and  the  known  latitude  of  the  place 
of  observation,  by  a  mediod  somewhat  similar  to  the  preceding  ;  but  neither  of  theie 
methods  is  susceptible  of  t!;c  same  degree  of  accuracy  a*?  that  in  the  above  Pi  o!)Icm. 

It  is  not  absolutely  necessary  that  the  same  star  should  be  made  use  of  at  both  nluccs  ; 
for  if  two  stars  be  observed,  whose  difference  of  r^ht  ascension  is  accuiately  fci 
that  difierence  will  be  equal  to  the  inter^'al  of  passii  <;  of  the  two  stars  to' the 
in  the  siderial  time,  and  by  applying  this  to  one  of  the  intervals,  the 
lie  reduced  to  be  the  same  as  if  one  star  only  had  been  used.  — . . 

PROBLEM  XVn.  >  ? 

Oiem  (ke  lonirttH^ef  qf  lAe  mm  mi  moon,  mi  the  itioon's  UUUude,  fa  fini  IftcA*  iitUmee^ 

AC/LJB.— Find  the  difference  of  the  two  longitudes,  and  to  its  log;,  co-sine  add  the 
log.  co-sine  of  the  moon's  latitude,  the  sum,  rejcctint;  10  in  the  index,  will  be  the  log. 
co-sine  of  the  sought  distance,  of  the  same  affeetitm]  as  ihc  dillcrence  of  longitude. 

EXAMPLE. 

July  16,  1S08,  at  noon  at  firecnwich,  by  the  Nautical  .^Imnnar.  the  sun's  longitude 
waa  38.  83^  40^  24",  the  moon's  longitude  Is.  3^  14'  1 and  her  latitude  1""  24^  28  '  N. 
Beqiriied  their  distance  T 

•  In  g*»noral  It  will  !»c  ruart  moiijli  ro  l.Tko  th«'  ditVeroii'T  l>etMf«?n  the  moon's  R..  A.  markwl  In  tti« 
Kaniical  AlnianKc  for  the  ni»Bre<t  n«>rtn  niu\  iiti(liileli(,  Imji  win  n  very  irniii  f.crur«n  rc^iuhwl.  it  mav 
N*  found  as  in  I'roh.  IT.  Ex.  III.  for  tite  nii<lr(lc  fiin<  luMwe-n  iho  two  imn>>if''  d"  tli»?tii<>on  liy  llic  rneri- 
flians  of  the  two  plncf^.  re<iu<  /-(i  to  (l^r<•n\^it^l  titnc  liv  .-"lir."r  tin-  loiij  ini.li-  il  u.;*t.  ^uturacii  p  if 
Mat.  If  alisoliile  ace«jp«cv  is  re^iiired,  il  wouirl  1)^  pro|icr  to  notico  the  v.iriatinn  of  ihr  iitoon  *  j^tni- 
dkOMlcr  SmI  Osdinallon  bet\i-e«n  tbe  olMrvaiion<i.  alio  to  ccmpatr  the  effipct  of  tlic  vRriaiioi.i  of  tb<^ 
hBia>y  motfoe,  aotfelae  tlw  bigbrr  ocder  of  diOerencet,  bul  tlurtc  circunmances  wouUl  afiVxi  (be  re&aU 
feecvsiyllttlK. 

t  Tws  arcbM  or  AVHrtn  ars  SMi  fobs  of  ilwwiii  mfiktim  whsn  tlwj  ais  M  grtMtirwrhttklm  flMb 
90*, Hat  ot  dijereitt  affkttink  whso  Ihs  MM  <«  gmtt^md  fJW  sllsr  fiMlAaa  Wf*. 


1  * 
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(lQ,0     TO  CALCULATE  THE  LATltOOS  £JiO  Wfe^llTUWeP  A  ST4^. 


r,onf:'itii(1«? 
Longitude 


I15«  4V  21" 
03  14  1 


pur.  loitf . 

1^  LKtHodfl 


80 
2 


26  23 


30  29  SS 

T^ft  tame  as  in  the  Jxatitical  Almaimc. 


ro-sinc  9.23020 
Tlie  distances  beino^  calculalcd  from  noiin 


0T)d  midnight  by  this  (or  the  following)  rroblcm,  they  may  ^  interpoldlcU  for  e*Cry 
3  hours  by  rroblem  I.  An  example  will  rafBckntly  Luustrate  this. 

BXAMPLE. 

Cttfen  the  distances  of  the  sun  and  moon  in  July,  1808,  at  Iftd.  12h.  l6d.  Oh.  l6J. 
15h.  and  I7d.  Oh.  ;  respectively  85-  3-2'  IS"  \  80  26'  33"  |  75°  4^'  |  and  34'  9". 
Iteouired  tlie  distaiicts  July  l6d.  at  3h.  bh.  and  9h.  i 


I5d.  midnight 
16 

Id 

17 


I>i<t.  ®  D 

Ko".  .V2'.  IJ 
CO.    Ufi.  51' 
75.     0.  41 
68.   34.  09 
AtSh. 
+  80b26.8S 
—     i.  21.  27.2 
4-  2.6 


tstdifl*. 
o 

— Q5. 

A.-rv-6.  25. 
— «.  26. 


40 
49 
S5 


2d.  dm 


—  9 
-46 
D-=-211 
At  (Jb. 
-f  SO.  26.  33 
i  A      2.  48.  64.5 
Tsfih.      +  3.4 


DUt.  at  6b.      V7.  43.  42 


DUt  at  3fa. 


At«&. 

+  Jtf 


S^ond  longitude 
l»rop.  p«rt4  A 
TaWcXLV.TSh. 

X>Uuace  at  3b.  1^.  5.  8 

Tllefft<trtnrM^  agree  with  the  Nautical  Alnime; 

PROBLEM  XVm. 
eitm  He  UngUudumdUUUudes  of  the  vwm  and  a  tim^UfindUtebrJUtmie* 

RULE. 

To  the  log.  secant  of  the  ditTerence  of  longitude  of  the  moon  and  star,  r»ecting  10  in 
tli^dax,  add  the  log.  tangent  of  the  greater  latitude,  the  auoi  will  be  the  log.  tangeat 

of  the  an  il  A,  of  the  same  afTection  as  Ihe  diflercnce  of  longitude  Take  the  "nun  of 
the  arch  .\,  and  the  lts5  laiitu  ^e,  if  the  latitudes  arc  of  a  different  name,  but  their  d^er^ 
cnet  if  of  the  samt  nuciic,  and  rail  it  the  arch  B.  Then  add  together  the  log.  secant  of 
tiie  difference  of  longitude,  the  log.  secant  of  the  greater  latitude,  the  log.  eo-6ine  oT^* 
irch  A,  irnd  the  log.  scr-int  of  the  arch  B,  the  sum,  rejecting  30  in  the  index,  wiQhc  thu 
log.  secant  uf  the  distance  of  the  moon  and  star  of  the  same  afl'ection  as  B. 

EXAMPLE. 

Raqair^MpfiAlluiee  of  the  moon  and  the  atar  a  Pegari  at  noon  at  Grepnmch,  Jufy 

lf»,  lSn»i,  wScn  by  the  Nautical  Almanac  the  moon's  longitude  was  Sl*^  14'  1",  latitude 
1^  24'  28"  W.  and  by  the  explanation  of  Tobies  XL.  XLI.  the  longitude  of  the  star  cor- 
'  tiscted  fci>. aberration  nr.d  c,|iiation  of  equinoxes  was  350'-*  4^  36  ',  and  its  latitude  ccr* 
reeled  foi- ii^rration  14  '21  11"  \.? 


880  '4»  86 


OUTIonf. 
OreRterlat. 

Arch  A 
Arch  B 


42 
18 

25 
1 


94  2» 

24  41  N. 

30  4  5 

24  i;3  N. 


secant   aiSm  IfttStTl 

tutg.  0A41OI 


8.67874 


24     6  17 


secant 


Distance  ]>  5|c  45^  15'  2a  '  Mwant  iai522l 

It  may  be  observed  that  the  log.  secant  of  the  distance  is  also  equal  to  the  caas  af 
Aelog.  co-secant  of  the  greater  latitude,  the  log.  sine  of  arch  A,  and  the  log.  secant  of 
the  arch  B,  rejt  ctin^:;  ii)  the  suni  of  the  indicc? ;  but  the  above  rule  is  in  srt"n»  ral  the 
most  convenient  on  account  of  the  smallness  of  the  greater  l&litode,  except  when  the 
dlfleiaoae  of  longitude  ia  nearly  equal  to 

PROBLEM  XIX. 

Gtoinihe  right  •KensUm.  md  dcdinalion  cf  a  cehslial  object,  tcitk  tki  wm  iliffi|rif|  ^ 

th€  ecliptic  £,  to  find  its  ImgUvde  and  Uditudt, 
RULE. 

To  ihe  log.  tangent  of  the  declination  add  the  log.  co-secant  of  the  rixbt  asccnskitt  tf 

the  object,  the  sum,  rejecting  10  in  the  index,  w  ill  l>c  the  log.  tangent  of  the  arch  A,  to 
be  taken  out  less  than  W",  and  called  vor'ft  or  roulh  a*;  the  declination  is.  If  the  r^t 
ascension  is  less  than  180=^,  call  the  obliquity  of  theecilptic  south,  il  abo\e  IfiO-,  i^'^i^ 
If  A  and  C  are  of  the  same  name,  take  thehr  aum,  otheiwlae  Mr  dUkttnc*,  which 
call  B.  ;inr1  Mvu  k  it  With  the  aanio  name  as  the  greafpr  nnmbcr,  whetbrr  N.  or  Then 
•dd  together  the  log.  secant  of  A,  the  lop.  eo-.-^ine  of  B,  nnd  the  log.  tangent  of  the 
rieht  ascension,  the  sum,  rejecting  20  in  the  index,  will  be  the  Jog.  tangent  of  ^Vm- 
lUide  in  the  .^amc  quadrant  as  the  rf^t  taoeMioa,  onlesa  B  hagwalu  than  $0o,  in 
iHi  case  the  quantity  found  in  the  aaaM  quadrant  88  the  rigbti 
\  AW^V'W'in  .be  the  longitude. 


Digitized  by  Gopgle 


r 


To  the  log.  sine  of  the  lonptude  add  the  log.  tangent  of  B,  the  mm,  r^^tetitis  Ui-Uk 
the  index,  will  be  the  log.  tai^nt  of  the  latitude  of  tiie  same  name  an  ii. 
Xmnm   Am  the  TUilee  of  tUe  coBeetiMi  tre  aoC  mnlBMl  abore  180^,  yon  amst 

mbtract  ISO*^  from  \hc  ri^Iit  ascension  when  it  exceeds  that  quantity,  and  find  the  log. 
tangient  and  log.  co-sccnut  of  the  rejiiainder ;  and  then  the  arch,  corrcispouding  to  tbo 
log.  tangent  of  the  longitude,  is  to  bu  taken  of  the  same  affection  as  this  rematDder,  a&4 
1909,  ftdded  thereto,  the  sum  will  be  the  lons^Kude,  unless  B  is  greater  thftB  90^,  in 
wUck  etMtht  tapplmneiit  of  that  aiun  to  3(>o  is  to  be  token  aoofasemdoboto. 

•  EXAMPLE. 

BrTablo  VIII.  the  right  tscomkm  of  «  Pegaai,  July  16, 1808^  woe  SSk  M'U'^ai 

343^  49^  30' ,  and  its  declination  14'  11'  N.  the  nwon  obli«|iiily  of  th»  cc^lie  23^X7' 

47".  Beoiiirod  ita  longitude  and  latitude  i 
Sadla.  I4«  II'  C  H.  tanff.  &40a66 
tUA^    9IS  4t  ao  co>iM.  lOMMS     taag.  9M2M 


A     4B  II  ISH.      laag.     9.!v:72t     see.  10.18030 


9      •»  8*  40H.  oo^faii     fMtm   tnf.  1084111 

LoogltiideSSII*  4^  IV       tug.       ftSOnT    tint  ft2D9n 

IM.  19*  a*' W  N.  ftMIQt  • 

ri^sl  1  F,M  XX. 

7A<  i4:t}lgi<U42^  anJ  latitude  of  a  ctlestu:!  iJijicl  being  given,  :>-ith  the  mem  oUtguify  ||b 
ecliptic  £,  to the  right  ascension  and  dt  clination. 

RULE. 

To  the  log.  tangent  of  the  latitude  add  the  log.  co-.«ccant  of  the  longitude,  the  siim, 
rejecting  10  in  the  index,  wifl  be  the  \og,  tangent  of  the  arch  A,  which  is  to  be  called 
Mwth  or  south  as  the  latitude  is.  If  the  longitude  is  less  than  180^,  call  the  ohUquity 
K  north ;  if  above  tSO"^,  south.   If  A  and  £  ue  of  the  same  am«i  lako  their  tmm, 

otherwise  their  diff^ence,  which  call  B,  marking;  it  with  the  pamr  name  a'^  the  greater 
number.  Then  udd  together  the  log.  .tecant  of  A,  the  log.  co-»iiie  oi  B,  and  the  log. 
tta^Mt  of  the  longitude,  the  torn,  rejecting  20  in  the  index,  witthe  the  lf»^.  tangent  of 
the  right  aseensionin  the  same  quadrant  a^  tin  lonp;ii'i  iti  los  B  bt  c;r«  at<  r  than  9fP, 
in  which  case  the  quantity  found  in  the  same  quadrant  as  line  longitude,  subtracted  b)|pft 
360^,  will  be  the  right  aactnsion.  * 

To  the  log.  sine  of  the  right  ascension  add  the  log.  lai;:^ciit  uf  B,  the  sum,  rejec^Bf 
10  in  the  index,  will  he  the  log.' tanj^tnt  of  the  dtclii.  'Uou  of  tlif  same  name  a>  f?. 

Remark.    If  the  longitude  exceed-s  ISO-  you  must  subtract  1^0'  from  it,  and  timl  i^io 
log.  tangent  and  10^.  eo-sefeant  of  the  rmoftMler.   The'  ari%  corresponding  to  tlu:  \o%. 
tangent  of  tlu:  right  a.scen»ion  i-o  to  bo  taken  of  the  same  aHlction  as  this  remainder,  avul 
IriU^  added  thereto  will  be  the  right  ascension,  unlej^-*  15     p;n  atcr  than  90^^  in  wbich^ 
ea^e  the  supplement  of  that  sum  to  360^  is  to  be  takni  :ih  wjo  observed  above. 

EXAMPLE. 

r.y  Table  XXXVII.  the  mean  longittide  of  a  Pcgasi,  lidv  If>:  was  :i.iO  49^  11", 

its  latitude  19^  24'  47"  N.  and  the  mean  obliquity  ci  the  ecliptic        27'  4Z'..  Jlc- 
mjirrnl  ita  right  aseentioki  and  dedinatlon  ?  * 

Lot.         19'  24'  47 '  M        lan;.         9.54706  .  ^  . 

Long.     350   43   II  CO-8CC.      ia797l2      tanj.     9^0817  ..*'•***  - 


A  £3  38  31  N.  UDff.  10.34417  sec.  1038466 
B        23  27   47  S. 


ft 


B        42   10  47  S.  c6-«iac  aaCSai      tang.  ftU7U 

Right  asecasioD  343*  48' sr'  taeg.     a46S9?     sine  a44tt» 

Decliwitlnn  M»  lO' .50"  N.       lang.  r*A<y::.7 
If  the  given  longitude,  latitude,  and  otdiquity  arc  the  mean  i  alucs,  the  resulting  right 
ieeensfcm  and  deeunation  will  be  the  mem  varaesybutif  tiie  proposed  quantities  are  cor- 
leeted  for  aberration  and  nutation,  the  resulting  quantiliea  will  alao  he  corrected*  Tliie 
remark  is  equally  applicable  to  the  preceding  I'roMom. 

SPHERIC  I  KlbOiNUMETUV. 
Most  of  the  rules  given  in  the  preceding  ProUeine  mtj  be  easily  dereooatratad  hy 
Spheric  Trigonomrlrv.  As  for  example  tliat  of  Pro!  U  rn  X^'Il.  may  be  irnc^tigatcd  as 
followa.  In  Plate  Xil.  I'ig.  1,  let  A  be  the  pJace  of  the  moon,  C  that  of  the  sun,  CP 
anarch  of  Ae  e^iptic,and  AP  a  eirde  of  tatitade  passir^g  through  the  moon  and  cutting 
the  ecliptic  at  right  angles  at  P.  Then  the  diflcrcnc  r  of  longitude  of  the  sun  and  moo# 
is  equal  to  the  arch  CP,  and  the  n!non\s  latitude  AP,  whence  the  distance  W  juay  he 
found  by  the  rule  of  ^apicr,  radms  X  co-s.  AC  =^  co-».  AP  X  co.s.  CP.  This  in 
fo^tfithBu  giree  log.  eo-a.  AC«log.  eo-e.  AP-flog.  co-owCF--4og.  md]Uh,whiAfo 
Ihc  formula  made  u.se  of.  Want  of  room  prevents  the  IllsertiOD  pf  ijn 
lions  of  the  methods  of  calculating  the  other  Probiemv.      '     .  i% 
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The  celebrated  rttles  glren  bj  Lord  Napier  for  solvin<;  the  problems  of  Rigbt-Angl^d 
f>pberic  Trigonometry  being  very  easily  renieinbered,  are  much  made  use  of  by  mathe^ 
niaticiaiK.  In  a  paper  communicated  by  the  author  of  this  work  to  the  American  Aca- 
demy of  Arts  and  Sciences,  and  published  in  the  third  volume  of  the  memuira  of  that 
society,  a  method  was  given  for  the  more  easy  application  of  those  rules  to  oblique  Sphe- 
ric Trigonometry,  and  as  the  tables  of  this  collection  may  sometimes  be  made  use  of  in 
«(olving  various*  problems  of  Spherics  besiiles  those  given  in  the  former  piirt  of  this  work, 
it  was  thought  proper  to  insert  this  improved  method,  with  the  formulas  most  frequently 
nade  use  of,  to  enable  any  person  acq^tainted  with  Spheric  i  rigonometry  to  make  use 
of  the  tables,  without  the  trouble  of  referring  to  another  work,  for  the  rules. 

In  every  Right-angled  Spheric  triangle  there  are  fire  arcidar  parts ,  iiamoly,  the  ttro 
the  complement  of  the  hypotenuse,  and  the  complements  of  the  two  oblique  angles, 
which  are  named  tuljaceiU  or  opposite^  according  to  their  positions,  with  respect  to  each 
other.  The  right-angle  is  nut  included  as  one  of  tlie  circular  parts,  neither  is  it  sup- 
posed to  separate  the  legs.  In  all  cases  uf  r^iji-.ingled  Spheric  Trigonometry,  two  of 
these  parts  are  given  to  (ind  the  third.  If  the  three  parts  join,  that  which  b  in  the  mid- 
«Ue  is  called  the  middle  part ;  if  they  do  not  join,  two  of  them  must,  and  the  other  part 
which  is  separate,  is  called  the  middle  part,  and  the  other  two  opposite  ports,  as  in 
Plate  XII.  tig.  1,  2.  Then  putting  the  radius  equal  to  unity,  the  equations  given  by 
Napier  will  become 

Sine  of  middle  part  =  Rectangle  of  the  tangents  of  the  adjacent  part*. 

=  Rectangle  of  the  co-sines  of  the  opposite  parts. 

The  method  of  applying  these  solutions  to  the  various  cascs  of  Right-angled  Spheric 
Trigonometry  u  very  simple,  and  b  explained  in  several  treatises.  To  apply  the  me- 
thod to  Oblique-angled  Spheric  Trigonometry,  it  b  necessary  to  divide  the  triangle  into 
t^ro  righl-an;;l('(l  spheric  triangles  by  means  of  a  perpendicular  AP  (Plate  XII.  fig. 
n,  4,  ."»,  11.)  let  fall  from  the  point  A  upon  the  opposite  side  BC  :  the  perpendicular  being 
so  chosen  (is  to  timke  hro  of  the  ^rm  thinfrsJaJl  in  one  of  the  right-an^ltd  triangieiy  or 
in  other  xvords  Ikr  perperidiailar  oii^hl  to  be  let  fall  from  the  cud  of  a  given  side  atuioppt- 
site  to  a  pren  angle.*  Each  triangle  ihu^  found,  contains,  as  above,  five  circular  puts, 
the  perpendicular  being  counted  and  bearing  the  same  name  in  each  of  them  :  conae- 
quently  the  parts  of  each  triangle  similnrly  situated  with  respect  to  the  perpendicular^ 
must  have  the  same  name.  In  every  ea^c  of  Oblique-angled  Spheric  Trigonometry, 
llicrc  are  three  parts  given  to  find  a  fourth,  and  in  making  use  of  the  method  of  a  so- 
Ihtion  by  means  of  the  p<  q>cndicular,  there  will  in  general  be  two  of  these  parts  in 
each  of  the  triangles  ACP,  A  BP,  similariy  situated  with  respect  to  each  other.  To 
caeh  of  these  must  l>e  joined  the  perpen  lieular  AP,  and  there  will  be  three  parts  ineacll 
triangle,  which  are  to  be  named  mittdle,  n'ljucrnt  or  opp<tsite,  according  to  the  above  di- 
rections. Then  the  equations  for  solving  all  the  cases  of  Right-angled,  and  aiJ  except 
two  cases  of  Oblique-ajigled  Splierie  <Vigoriomelry  arc, 

1 .  S;„e  middle  part     \  =  I  J^'^'^f^""'  fjj^''  <"0""»t  P'-'^^.f 

^         (  ^<  }  Co-stnes  of  the  opfwute  parts. 

'  qiiatioiis,  when  applied  to  right-angled  spheric  triangles,  signify  as  before, 
1  1  1.  uii  lue  of  the  middle  part  is  <  (|ual  to  the  rectangle  of  the  tangents  of  the  adjacent 
parts,  o»  to  th»'  rectangle  of  the  co-sincs  of  the  opposite  parts  but  wbco  applied  to  an 
ohliquc-angle<'  !e,  they  signify,  that  the  ^incs  of  the  middle  parts  are  proportional 
to  the  tangcni-  oi  ;lie  adiarent  parts  ;  or  that  the  sines  of  the  middle  parts  are  pro- 
portional t'»  the  cf>-?iiiCH  of  the  opposite  parts  of  the  same  triangle  ,  observing  that 
the  perpen  heular  being  common  to  lx>th  triangles  APB,  APC,  and  bearing  the  same 
name  in  eai  h  of  them,  must  not  be  made  use  of  in  the  analogies,  nor  counted  as  a 
jnid^l^part.  Thb  can  produce  no  embarrassment,  because  the  cases  of  Oblique  .Spheric 
Trigonometry  n>ay  in  general  be  solved  in  the  shortest  manner  without  calculating  the 
perpendicular. 

The  first  ease  not  included  in  the  above  ndes,  is  where  the  question  is  between  two 
sitles  and  the  opposite  angles,  which  may  be  solved  by  the  noted  theorem,  that  the  sine* 
of  the  sides  are  proportional  to  the  sines  of  the  opposite  angles,  or  as  it  may  be  cxprcfi- 
•  d  in  an  abridged  form  or  more  ea-^y  refcren<  c. 

2.  .Sill*  .tide  CX  sinropp.  anj^le. 

This,  combined  with  the  above  improved  formula,  furnish  a  complete  solution  of  tke 
various  ca«cs  of  Spheric  Trigonomt  try,  except  where  three  *»ide8  arr  givr n  to  ftnd  oii 
angle,  or  (wliich  is  nearly  ll'C  same  thing,  by  taking  the  supplrmcntary  triangle) 
three  angles  to  tin  l  a  side.     fhe  above  rules  marked  (1,)  ('2,)  arc  simple  in  tbcir 

•  VVlu  n         '-an      ili»nf  in  luo  ilidi'ifii'  way^^m  \n  M  IV.)  Il  w  ill  eeiwrwIW  |"<HU»r*»  tl»^ 

sttortrM  «<ilupo<.  ly  iimkr  unf  n(  ihn  prrpr ii'li'  ul.ir  nhirl>  docs  not  iltvidr  'he  riquir\d  on:;lr  or  tW* 
inio  j^ir'n^ft* 

t  it^witl  \\fni  rnu'iderable  a<(i<lntic<*  in  nTwnilM-rtng  th«?«p  rulos  lo  note  thai  the  second  |rtf/»rv  r 
the  «IM4<  tnn^tnt  nmt  r<>Mnt  nre  X\\f  Mine  im  fh<»  ftrsx  l»"tt«r»  "f  n^inrtnt  nml  npport'f. 
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form,  and  tbc  first  varies  but  little  rrom  that  made  use  or  by  Napier,  so  that  it  is  ex- 
tremely  easy  to  rtiueraber  them.     The  case  not  included  in  these  rules  may  be  solved  ' 
by  one  or  the  formulas  of  case  V.  or  \  I.  which  may  be  committed  to  memory  with  little 
trouble.    To  illustrate  these  rules,  the  following  examples  are  given,  which  include  aU 
the  cases  of  Oblique  Spheric  Trigonometry. 

CASE  I.  plate'  XII.    Fig.  3,  4,  5,  11. 
Gitm  JiBy  JIC,  ttnd  the  opposite  auffle  C,  to  Jind  BC  and  the  angles  B. 
In  the  right-angled  spheric  triangle  APC  arc  giv»"n  AC  and  C,  and  by  marking  it  oa 
in  fig.  2,  CI'  may  be  found  by  the  rules  sme  mid.=tttng.  adj.  which  gives  sine  (co.  C)= 
taTig.  CPXtang.  (co.  AC,)  of  tang.  CP=co-s.  CXlang.  AC*    Then  in  the  trianglea 
ABF,  ACF  are  given  AB,  AC  and  CP  to  find  BP.    If  to  these  b  joined  the  perpendicu- 
lar AP  it  will  be  found  that  in  the  triangle  ACP  the  complement  of  AC  is  the  middle 
part  (as  iu  Fig.  3),  and  CP  an  opposite  part.    The  triangle  A  BP  is  to  be  marked  in  a 
similar  manner.    Then  the  rule  sine  mid.  oc  co-s.  ojtp.  gives  sine  (co.  AC) :  co-s.  CP : :         ' ' 
i«ine  (CO.  AB) :  co-s.  BP,  and  BC=BP-f  CP.    By  marking  the  segments  as  in  Fig.  4, 

the  rule  sine  mid.  OC  tang.  adj.  gives  sine  CP :  tang.  (co.  C.) :  :  sine  BP  :  tang.  (co.  B.) 
Having  found  BC,  the  angle  A  may  be  found  by  the  rule  sine  side,  cx  'i'le  opp.  angt§ 

vyhich  gives  sine  AB  :  sine  C  :  :  sine  BC  :  sine  A. 

Othcrtcise — If  the  side  BC  is  not  required,  the  angles  A,  B,  may  be  found  in  the  fol- 
lowing manner.    The  nile  sine  mid.=tang.  adj.  givoa  by  marking  as  in  Fig.  1.  sine  ^ 
(co.  AC;=tang.  (co.  C)Xtang.  (co.  CAP)  or  cot.  C.\P.=(fo-s.  ACxtang.  C,  ajid  by  \ff^ 
marking  as  in  Fig.     the  rule  (sine  mid.  cc  lang.  adj.  or)  tojig.  adj.  oc  gives  ^  * 

tang.  (CO.  AC)  :  sine  (co.  CAP)  :  :  tang.  (co.  AB)  :  sine  (co.  BA?,)  then  A= 
BAP-f-CAP.    By  marking  the  segments  as  in  Fig.  14,  the  rule  (sine  mid.  oc  co-s. 

opp.  or)  co-s.  opp.  oc  *»».  nid.  gives  co-s.  (co.  CAP) :  sine  (co.  C)  :  :  co-s.  (co.  BAP)  : 

sine  (co.  B)  or  sine  CAP :  co-s.  C  :  :  sine  BAP  :  co-s.  B.    Having  A,  C,  and  AB,  BC 

may  be  found  by  the  rule  sine  side  OC  sine  opp.  angle^  ivhicb  gives  sine  C  :  sixi^ 

AB  :  :  sine  A  ;  sine  BC. 

•  CASE  II.    Fig.  3,  4.    Plate  XII. 

Given  .^C,  BC  and  the  included  angle  C,  lo  find  .iH,  and  the  angles  Jl^  B.         ■     ■  • 
The  rule  sine  mid.— tang.  adj.  gives  as  in  Case  I.  tang.  CP— co-s.  CXtang.  AC,  thei^''^^^.^ 
BP=BCH-CP  and  the  rule  co-s.  opp.  oc  sine  mid.  gives  by  marking,  as  in  Fig.  3.  oo-S.^# 

CP  :  sine  (co.  AC)  :  :  co-s.  BP  :  sine  (co.  AB,)  and  by  marking  as  in  Fig.  4,  the  rule 
sine  mid.  oc  gives  sine  CP  :  tang.  (co.  C)  :  :  sine  BP  :  tang.  (co.  B.)  Hav- 

ing found  AB  wc  may  find  A,  by  the  rule  sine  side  oc  sine  opp.  an^/f,  vvlii^rh  givfis 
sine  AB  :  sine  C  :  :  sine  BC  :  sine  A.  "^"^  ' 

If  the  angle  A  bad  beevi  required  and  not  B,  it  would  ha.c  bctii  shorter  to  let  the 
perpendicular  fall  upon  the  point  B,  by  which  means  the  required  angli;  A  would  not  be 
divided  into  segments.  In  this  case  the  side  AB  and  the  angle  .\  might  be  found  in  a 
similar  manner  to  that  by  which  AB  and  B  are  found  above. 

CASE  HI.    Fig.  3,  4,  5,  14.    Plate  XIl. 
Given  the  angles  B,  C,  and  the  opposite  side  JIC  to  fin  I  BCy  AB,  and  the  mgle 
The  rule  sine  mid.  oc  ^^^g'  f^dj.  gives  as  in  Case  1.  tan^.  CP=co-8.  C  X  tang.  KCjk 
Then  the  rule  tang.  adj.  oc  sine  mid.  gives,  by  marking  as  in  Fig.  4,  tang.  (co.  C.)  * 
ainc  CP  :  :  tang.  (co.  B)  :  sine  B  P,  then  BC- CP+BP.    Again,  the  rule  co-s.  opp,  q  - 

«5  # 

sine  mid.  gives  by  marking  as  in  Fig.  3,  co-s.  C  P  :  sine  (co.  -\C)  :  :  co-s.  B  P  :  sine 
(CO.  AB.)  Having  found  BC,  the  rule  sine  side  oc  opp.  angle^  gives  sine  AC  : 
sine  B  :  :  sine  BC  :  sine  A.  ' 

Otherwise — The  rule  sine  mid.=tang.  adj.  giics  as  in  Case  I.  cot.  CAP=co-b.  ACX 
tang.  C,  and  the  rule  sine  mid.  cx  co-s.  opp.  gives  by  marking  as  in  Fig.  14,  sine  (co. 
C.)  :  co-s.  (co.  CAP)  :  :  sine  (co.  B)  :  co-s.  (co.  BAP)  or  co-s.  C.  ;  sine  CAP.  :  :  co-s. 
B  :  sine  BAP,  and  A=CAPH-B.U*.    Then  the  rule  sine  mid,  oc  tong.  adj.  gives  by 

CO 

marking  as  in  Fig.  5,  sine  (co.  CAP)  :  tang.  (co.  AC)  :  ;  sine  (co.  BAP)  :  tang.  («o. 
AB.)  Having  found  A  the  rule,  sine  side  oc  sine  opp.  angle  gives  sine  B  :  sine  AC 
:  :  sine  A  :  sine  BC. 

 —  

■  In  puttiitf;  this  or  any  utniliir  expression  In  lo^rithm*,  tb«  mdlus  rau^t  Ije  nrglerted  f4.Ule  Sua  of 

tJh:  lu  j  lojarUhniscf  lliesecond  nunabCT.  ^  ,  it 
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(  ASK  IV.    Fi.-.  r.,  1 1.    Ph,tx-  Ml. 

Given  Ihe  angUs  J,  C  a»d  llu  i.u  !>"lul  ^hU  .2C',  tujhid  .JiJ,  J$C  and  Iht  mjje  B. 
The  rule  smt  mi*^Ua\g*  adj.  t^u  .-s  as  iii  Cose  1.  cot.  CAP=:co-8.  ACXCan^. 
C,  and  BAP=A4-CAP.    Tbe  rule  mUu  mid,  cc  ta»g'       S'^^^      marking  as  in 

Vi^.  sine  (oo.  C.VJ')  :  lari^.  (oo.  AC)  :  :  <iuc  (.o.  HAP)  :  innp;.  co.  (AB.)  Tl»o  nile 
co.y.  o])p.  oc  gives  lij  tnurkiiig  as  in  i'ig.  14,  co-s.  (ct>.  CAP)  .  eine  (co.  C.)  :': 

co-s.  (CO.  BAP) :  sine  (co.  B)  or  sine  CAP  :  co-s.  C  :  ;  sine  BAP  :  co-c  B.  Hinn^ 
fbrad  B,  the  r.i!<'  w'/it  .-fide  ,x  opp,  andt  -iscs  thir.  C  :  sine  \C  :  :  sine  A  :  sineBC* 
If  the  }*i<U;  BC  hail  hiv  n  rer;t!!rii(i  rtnd  fjot  All,  it  ncuM  itr  •shorter  to  \ci  tlic  pt  ii-f  n- 
dicolar  fall  from  tlie  point  C,  Uy  wlucli  means  tiie  required  aide  BC  wuuld  not  be  diu  J^d 
into  sesments.  In  tiiis  case  the  side  BC  and  the  an/jle  B  might  be  foond  in  a  aimUar 
maimer  to  that  by  whkh  AB  and  B  arc  found  above. 

CASK  V.    l  i-.  3. 

Gheti  .11;,  .!(  ',  rtiv!  f:C.  to  fi.id  >!>kir  r.j  the  a/it^'ii  <'.v ./. 

Put  S— i  {  \B-j- VC-f-DC,)  i1ki»  til*'  niv^U:  A  iiuiy  be  fotiml  by  eiiLer  of  tbc  follow uij; 
tiieorems,  tn  which  for  brevity  the  words  sine,  co>sine,  &c-  arc  used  for  log.  sine,  kig. 
co-sine,  &c. 

(3)  Sine  |  A=:  Sine    — '^^^  ^  ^'"^  '^'^ — '^^  ^     co-acc.  A B    co-sec.  AC  —  SO. 

Si 

2 

CASE  \  l.   Fig.  3. 

Ghmi  the  ais^lrs  Jl^      C,  to  find  tithtr  ej  the  sides  as  BC. 

TutSr-^  (\4-B4-r.)   Then  the  si:Ic  liC  luav  be  fonnd  byeilherof  the f -'lowii^ 
tliCorems,  ailaptt  il  to  lo^arillinu  as  in  the  ia.^t  exaiiipl'-.  ^• 
*    (5)  Siue4BC=      Co-sine  8  +  co-sine  (S — A;  -f  co-sec.  B-fco-scc.  C'— 20. 

2 

(6)  Co-sine  i  BC=    Co-sine  (S— B)4-co-sine  (S — C)-]-co-sec.  B-^-co-sec  C — iP. 

2 

The  above  tnchides  all  the  cases  of  Oblique  Tri^^onometry.   Tbe  2il.  and  4th.  ra«i>« 

Oay  be  solved  in  a  didijrfnt  ina;in*  r  by  the  follouiii«;  thcortMn-;,  uluVJ;  0!>  n^mc  ocir?- 
91011  ^  may  be  fotrnd  vciy  useful.  Thus  both  the  angles  in  CascU.  maj  be  found  by  th» 
lullovving  tht  ortms. 

(7)  Sine  d  (ACH-BC)  :  sine  i  (BC  «  AC)  ;  :  cot.  h  C  :  fang,  h  (A— B). 

(K)  Co-:.inf  h  (  \C-f-nr)  :  co-^inf:  ^  (BC  Ji  AC)  :  :  cot.  .[  if  :  tan.;.  ^  (A+H). 

I  (A — B)  is  less  than  9U   and  4  (A-j-B)  is  of  the  same  ailli  iion  us  \  lAC-t-KT}, 

TIu»8ttm  and  diflerence  of  the  terms  4  (A— B)  and  4  (         will  gut  A  and  B. 

Both  the  side?!  in  Ca<ie  IV.  inav  he  (bund  thus : 

(9)  Sine    ( A  +  f  )  ■  ^mf  .'.  (  \  r.  C  :  :  tauR.  ^  AC  ;  tan^.  A  (DC  AB). 

(10)  Co-»inr  K  (A-i-f  )  :  no-sin.  i.  (  V  /  (')  :  :  t;in?.  '  AC  ;  rnn-.  I  (HC+KB.'^  ^ 
(BC  O)  AB)  is  less  thvin  W  ,  and  J.  (liC-{- Vli)  is  of  the  same  ction  as  ^  (A-K.) 
Then  tbe  sum  and  diflerence  of  K  (BC    AB)  and    (BC-f  AB)  give  AB  and  BC. 

The  improved  rule  for  solTin<i  ihc  ea?r'.  of  Oblique  Spheric  Trigonometry  by  the  cir- 
cldar  parts,  may  l)e  easily  dcditc*;;!  from  tlui-e  ::»\en  bv  Lord  N.tpier.  Tor  if  «e  put  M 
for  the  miihlli  part,  A  for  the  ai'i  ican!  par',  au  l  B  for  tho  opposite  part  of  tiir  tri  .f>e:^c 
APC  (Fig.  3,  4,  5,  14,  Plate  XII.)  w,  r,  h,  Im  the  corresponding  ports  of  the  triansl^- 
x\PB}  and  P  for  tbe  per]' -n  iirchr  AP.   Then  if  1'  h  an  a«(iaoeot  part,  the  rule*  of 

.sine  M  s^inc  m  sine  M   sine  m 

Kapier  trill  give  tang.  P=  and  tang.  P=  hence         =a  can* 

tang.  tiMi.  A,  tan;;. 'I.  taiig.a 

jfCqtiently  sine  M  :  tjm?.  \ :  :  sinem  .  tang.  n.    If  H  l^  i<.n  op;<o-iTe  part,  the  same  mte 

sine  M  sir.e  <n,  :sUie  M     sine  m 

isfll  give  co-s.  Pass——  and  co-s.  P—         hence  —  conse^ptcplly 

<  o-s.  B  CO--.  ^,  co-<,  B    en-?,  b, 

fiinc  M ;  co-s.  1) :  :  sine  >n  :  co-s.  6,  m  inch  are  tiie  two  vnlca  lo  be  dcuion  -IrattJ, 
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APPENDIX  TO  THE  SIXTH  EDITION. 

ON  HMDING  THE  LATTTUDB  BY  TWO  ALTITUDES. 


SINCE  the  ^)Rrt  of  Uii^  work  for  ihe  finding  the  Latitude  by  two  altitudes  wt»  in  tlve 
presi,  the  foltowing  Table  XLVUl.  has  been  computed,  bj  means  or  which  the  conec- 
tkm  of  either  om  or  liw  dbeenred  fthitudee  can  be  eompntra  for  the  ebeiq(e  d*  dedim- 
tion  of  the  obscrrcd  object  durinf;  ibe  elapcd  time  betuccn  the  ob5f>nation8,  and  thua 
the  Problenu  of  double  altitudes  o(  the  sun.  moon,  planet,  or  bxed  star,  can  be  reduced 
to  the  eaee  of  tbe  dadinatioD,  being  inrariably  the  same  as  at  the  time  or  the  ob«enr«- 
tion  of  the  altitudes  which  is  not  corrected,  and  then  tbe  Problem  conies  uador  the  firtt 
(or  second)  method  of  <4(>ln(ion,  which  i«  much  more  simple  and  free  frotu  cases  than  the 
general  solution  by  the  third  method.  This  process  of  correcting  tbe  altitude  is  »ome- 
whtt  siiiiUirtolbat  befove  taught,  for  maUog  allowanee  for  <ba  tun  iif  a  ehip  during  tta 
tbut  elapsed  between  the  ohaenrationn  ;  and  tbe  same  altitude,  wbii  h  is  corrected  for  the 
mn  of  the  ship,  can  also  be  corrected  for  the  change  of  dedinatiou.  This  method  of 
corveeting  one  of  tha  altitudes  is  particularly  appiicobla  to  the  case  where  both  obaerrar 
Hons  are  made  on  tha  aanw  baavenfy  ^>oAj,  and  the  declination  does  not  vaty  but  faw 
minutes,  or  in  extreme  c&ses  more  than  one  or  two  degrees  ;  but  the  same  process  may 
be  used  when  two  (Uffcrenl  objects  are  observed,  provided  their  declinations  are  nearif 
aqual,  or  do  not  dUnv  more  than  one  or  two  degreas. 

As  cither  one  of  the  altitu  des  may  be  corrcrted,  the  Problem  admits  of  two  difierent 
ways  of  solution.  For  the  sake  of  predsion,  tbe  sdtitude  which  is  selected  to  be  correct- 
ad,  wfllba  eaRad  the  firHdiUude;  and  the eorreaponding declination,  the  fvr^  dkHwaHaa ; 
the  other  altitude,  which  is  not  corrected,  will  be  called  the  Hcond  attitude^  and  tha  eor- 
respondinp;  dedination,  the  second  drcUnation.  These  terms,  fimt  and  second^  having  no 
reference  to  tbe  order  in  which  these  observations  are  taken,  since  the  altitude  here  de- 
ined  as  tlMjbnl  tUUMde,  may  be  actually  obaenrad  aitbar  befaf  or  §fltr  tha  otiter  abaeiw 
vation 

The*  propoeed  taUe  gives  for  various  decUuations,  altitudes,  and  latitudes,  the  change 
of  tlnfira  aftMf,  correapondini;  to  a  Tariation  of  ItHT  In  tbe jSraf  dedination.  Thus,  with 

the  latitude  50°  N.  the  sun's  aliituih.  and  xho  drcliuation  14^  N.  the  Table  gives 
77"  for  the  variation  of  that  altitude  arisini;  from  a  change  of  lOO"  in  the  declination.  If 
the  actual  chanj^c  of  declination  is  jjroatcr,  or  lesj  than  100"  tbe  tabular  number  77" 
must  be  increased  or  decreased  in  (bn  same  proportion.  Thus,  if  the  change  of  declina- 
tion be  200",  the  change  of  allitiufc  will  be  200^  X  =  154".  If  the  change  of  decli. 
nation  be  60",  the  change  of  altitude  w  iW  be  (a/'  X  JX.  =  46'.    The  correction  nf  this 

10  0 

fint  irtlilude  haviugbeeii  found,  it  is  to  bu  applied  to  the  hrstalAtude,  corrected  as  usual, 
for  dip,  refraetion,  aaaai-diameter  and  parallax,  and  tbe  esmetod  0nit  dtltuda  will  be  ob- 
tained, such  as  it  would  have  been,  if  tbe  declination  at  tbe  time  of  observing  that  alti- 
tude had  been  equal  to  the  second  declination.  With  this  corrected  first  altitude,  the 
second  altitude  and  second  decimation  without  correction,  and  the  observed  elapsed  time, 
or  bour  aqsla,  tha  coaipotalion  of  tha  btitudaBMy  bamdabrtha  #%nlJtfcClbMf,cKplaiiiad 
in  page  133. 

Thu  Table  is  calctilatcd  for  ereiy  of  declination,  ftom  0^  to  86^^.  if  the  cbinge 
ofdedliiatkw  ia  not  very  great  during  tbe  elapsed  time,  it  wHI  in  gauaral  be  nfidantfy 
asaet  to  enter  the  table  with  the  nearest  declination,  and  take  proportional  parts  for  the 
degrees  of  altitude  and  latitude.  The  latitude  by  account  is  to  be  used  in  finding  tbe 
numbers  from  this  table,  it  being  sufficiently  accurate,  since  an  error  of  1°  of  latitude 
rarely  produces  nMva  thaa  V  change  in  the  numbers  of  the  Table.  Suppose  now,  that 
the  tabular  number  was  required,  when  the  latitude  was  37°  N.  the  first  altitude  28"^  ,thc 
tim  daelioatioa  6°  S&'  S.  la  this  caee,  osi^g  the  dedination  and  the  altitude  20^, 
he  CabulBr  wmtm  tmmpmtibm  to  tha  lotitndea  30<>  8.  and  40°  S.  are,  respectively, 
ST'aiidrd^tfHMiallArawaltneoRe^ndsto  a  chpngo  «f  1.0°  of  tatiCHda^  and  kcf 

T  T  Tab.  • 
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6l2  wKdiko  the  latitude  by  two  altitoms* 

proportkm,  the  diMii  cor«q>oii««g  to     of  latitude  la  16^  X  ,\  =  W.i,  this  •dd<»d 

to  57",  gives  the  correction  corresponding  to  the  altitude  20^  and  the  latitude  37^^  S. 
equal  to  68". 2.  Repeating  now  the  same  operation  with  the  altitude  30^,  the  two  tabu- 
lar numbers  are  64"  and  81",  whose  diflTeneiioa  irmnHlpHed  by  gires  to%» 
idded  to  W  to  get  78^.9,  the  toneOtloii  eoiresponding  to  the  altitude  30^  and  the  lati« 
tude  37°  S.  Hence  it  nppearsby  changing  the  altitude  from  20'  to  30*^,  the  correction 
changes  from  68".2  to  75*  9,  increasing  7''.7,  bjr  an  increase  oi  10^  in  the  altitude,  the 
corre^onding  increase  for  a  change  of  8°  In  the  altilnde  b  equal  to  7^7  X  ^  n 
■eerilj.  Thia  added  to  W.9  glrea  14". 4,  for  the  tabular  number  comepondfaif  to  tte 
dfflinatlon  fe*^,  the  altitude  28^,  and  the  Inlituilo  37-  S.  If  the  .«anie  nlculation  be  re- 
peated, using  the  declination  S-',  the  tabular  number  will  be  lO  '.'i  instead  of  14". 4^  in- 
creasing only  1".8  for  an  increase  of  S^slSO^  in  the  decHnation.  end  the  conrespondiDC 
eorreeUoe  for  the  SS'  of  the  fliat  decUnatiou  is  v'.^x  =  0''.4,iweily.  ThiaadM 
to  76''.2  gives  the  correct  tabnlar  nnnil)er  76". 6,  or  77"  nearly,  corresponding  to  the  pro- 
posed latitude,  37"^  S.  altitude  iS^,  or  declination  G-  2&'  'S.  The^' conectioa  for  the 
minute  of  declination  is  in  thia  case  email,  and  in  general  it  will  be  so,  aad  vbea  the 
diange  of  declination  during  the  elapsed  time  is  only  a  few  minoteetittrillbe  sufficientlj 
exact  to  take  out,  as  was  directed  above,  the  nunihcrs  corresponding  to  the  ne«rf!-t  de- 
clination in  the  table.  As  there  is  nutbing  peculiur  in  this  method  of  finding  the  cor> 
reethma  Ibr  the  inlemedlaie  degieea  of  altitude  and  latitude  (several  tables  in  the  woA 
having  been  arranged  upon  n  somewhat  similnr  p!;in)  it  «ill  not  he  necessary  to  go  into 
any  further  detail  relative  to  the  manner  of  linJiiig  ibe  number  lirom  the  table  corres- 

{ondtag  to  any  proposed  dedfantlon,  altitode  or  hutude.  The  me  of  Qiete  mmbers  io 
iidhi|theeocrectiooof  the  lint  aHitade,  la,  for  the  sahe  of  eaajr  idSnenoe,  diftim  op  to 
the  AlowliiK  nilea. 

RULE. 

1.  If  the  Itoo  declinalions  arc  rfUuimne  nainr,  tah(  thrir  iViffrrriice ;  iftkey  areofJ^kt* 
fnt  nameSf  take  their  sxim,  and  Uu$  tfj^erfnce,  or  sum^  will  he  the  ciiange  dieiiMhm  em^ 
responding  to  the  two  observatimSf  or  two  objeds. 

2.  find  in  Table  XLVIII.  the  number  corresponding  to  ike  firU  dtclinatism,  the  fini 
nltiludey  and  the  latihule  by  account.  JifnUipln  this  by  Uir  change  of  dfctination,  m  ^nrmds, 
between  the  two  obserxations  ;  the  iiroductf  rejecliug  thetxco  right  /lotid  figweM,  mU  be  the 
mmhn^nemida  take  appttedtQ  the firtt  attOfide,  wUh  the  seme  sign  asiHthe  MIe,*  ff 
at  the  second  observation,  theeHljeet  is  nearer  to  the  ehrah  il  poir  thnn  at  the  first  obstrratiom ; 
but  with  a  different  sign  frotn  tM  TaitU,  if  el  the  second  obunationi  the  object  is  Jariherfrem 
the  elevated  pole  than  at  the  first  obsenalim. 

Thus,  in  the  above  example,  where  the  tabular  correction  was  77'',  if  the  seeond  alti- 
tude was  4R^  ind  the  second  declination  6'  15'  S.  n  hieh  is  10'  or  600"  less  than  the /irst 
declination  6^  25'  b.  the  product  of  600"  by  77  (lejccling  the  two  rigbl  hand  finirc*)  is 
462 '  «s  T  4i^,  beinc  the  correction  to  be  added  to  the  ftrst  aHHude  t8P,  mMag  it 
2go  7'  42"^  because  the  second  declination  is  nearest  to  iht  elevated  pole.  If  the  secood 
declination  had  been  t>^  io'  S.  instead  of  6^  Id'  S.  the  correction  r4Sf*  wooM  he  sdb- 
tractive,  making  H      8^  18^. 

It  nay  be  obserted,  that  the  method  of  correcting  one  of  the  allitmles  </•««  osf  dicrlle 
horary  angles  in  any  tray  tchatever,  and  the  regulation  of  the  watch  used  in  the  ob«cn  ation 
is  calculated  in  exactly  the  same  manner  as  if  the  correction  had  not  been  made,  sod 
whichever  eltitttde  is  corrected,  the  result  itOI  he-very  neaiiy  t>.e 
few  seconds  will  sometimes  be  found,  owing  to  the  small  ^pitBtitM 

To  illtutrite  this,  the  following  examples  are  given. 

EXAllPLB  I. 

The  iliD*l  correct  central  altitude  was  32^  25^,  hb  declination  17^  N.  Eight  hooto' 
aflerwards,  by  a  watch,  his  correct  central  altitude  was  30^  B'  and  declimtaoii  19^  6i'K, 
Required  the  latitude,  supposing  the  latitude  by  account  53        N  7 

The  tabular  cOROetion  corresponding  to  the  hrst  altitude  32^  25',  declhMtioa  17^  N. 
tod  latitude  bj  •ceo«it63P  SO' M.  is  80".  MuUipljIqg  this  fay  the  diAfOMe  of  the  do- 


•  The  siiTTjs  in  the  Ttlil«  sre  positive  ncept  In  a  few  places  bptwern  the  tropic*.  In  all  

the  trupic!(,  wbfo  ibe^UftUnct-  from  tb«  elented  pole  decrroarf,  the  altitude  is  lo  bfinmm»td,tai\  ^ 

polar  diaiaore  tnercoM*,  lbs  altitude  is  to  bt  deertm$€i.  Tb*  caaStmn  lakes (Isce  lu  tfiw  latimfw  hcMMS 
the  tropics  «lN>re  the  Mbalsrmunhcn  have  the  ■i|,'D—  prrfiied.  fl  wmj  msd  tw  ntnf  r ml,  t\m  Pit  Ht#f 


■umber,  coikcspoodinir  10  anf 
convenient  to  iBvcrt  •  finr 


snfMMlMe  situation  of  tfcaotUect,eaniiOl  wessd  MO"  i  it  was  iiuwuui^e 
'^r^f*'^  tor  the  parpoMorMHf  *ett  aecentetj  ihefM»- 
mHiaied«fretsoraliltaeeorlBiifiideeqrMw«ttttivM^MB^k 


psrttiNMl  pans  Ibr  the  iutsrwHIaie  degress  or  aHltaee  sr  Islifode 
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dkiAtioB  17°  — 16"  5y  b  5'  300"',  the  product  f rejecting  the  two  rkht  band  figure*) 
k  MIK.  00  a     llie  eometiM  0f  altltadt.   Thliis  tobetubtraeted  from  38^  25"  be- 

cause  the  sun  recedes  from  the  elevated  pole,  while  the  declination  changes  from  17-  N. 
to  16^  55'  N.  therefore  the  corrected  firat  altitude  is  32-^  21'.  Using  this  with  the 
aacond  altitude  30^  S'  the  second  declination  ic>^  55\  aod  the  elapsed  timed  hours,  the 
criniltttoa  mtf  be  thua  iMde  hj  thejiraf  mOked,  m  t^nowB— 


Col.  I. 

ikciioaUoD   IGO  65'N.  »ec. 


ISumAU'c  Si  14] 
|Di£Alt'i.  I 
C  t  9 


Col.  2. 


Col.  3. 


pB  kw  than  fKP  mmtA  atbcarlaf of  tnUk.)    Z  lae.  I 


co-ftine  9.74812 

losasisi  B  aio  ir  v. 
laOOOM  pilaMlhaan* 

e.9ei»i 

Z  33  8N. 

E  n9BH.  liM 

latlMMte  aaSK.  ilM 


lec  10.53614 
S.748I3 


As  it  is  entirely  arbitrary  whicb  altitude  is  considered  the  first,  or  the  one  to  be 
corrected,  it  may  not  Ue  amiss  to  repeat  the  opcr.ition,  consideriog  90^  8'  a»  the  fir.^t  tl* 
titJde,  anl  lb-  iS'  Vic  firs/ declination.  The  tabular  number  corresponding  to  theae 
quantities,  and  the  latitude  by  account  is  79"  which  multiplied  by  the  change  of  decUnA- 
ttoB  300^  (rejecting the tmir^t  hand figurea)  ia 337^ «  S' 67" or 4^  aeeriy.  Thiato 
to  be  aided  lo  30^  8*  to  give  the  corrected  first  altitu  30  '  TJ*,  because  the  Sun  aj»» 
pro'iches  the  elevated  pole,  white  bb  declination  changes  iVom  lo  55'  to  17'-'.  Assuming, 
thererure,  the  corrected  first  altitude  as  30^  12',  the  second  altitude  32^  25*,  the  s^cmd 
declination  corresponding  tbercto  IT^  ff.  ud  the  etafved  tiOMfta  beCwBi  8  kmutf  IlM 
calwiietion  nay  be  then  auide  ea  foUowe— 

Col.  1.  Col.  S.  Col.  3. 

IMIoMiM  lie  ^  H.     ICC     iQyOlMQ   .  .  .• 


... 


A  eo-see.  lOJOMfl  eo-siM  B.7448D 

i  Sura  Alt's.   OlO  J8i  c(>-sine  9.9316*  co-mc.  10.284^;'   u   3lO  27'  N 

I  DiS.  Alt'a.     1     C|  siM       8.28G.'J  sec.  lO.OiXJOS 

O  »     9  sine      SJOOOj'  co-sine 

p  less  Umq  W»  Uke  liearlng  oT  scniUi.]  sec  10.03278 


eo-slea  e.T«so 


{B  Icu  than  90"  D anted  udecJ.] 
7s   21   63  N. 


Uliuule  £  U  S6  2I. 


flJMTI 


So  that  the  latitude  is  enctly  the  eiBie  by  bo|h  aelheda. 

If  the  mi  Idle  tim'^  bptw?rn  the  t»ro  observations  was  required,  it  would  be  obtained 
by  adding  the  log.  taozeot  of  C  d.i02Gi  to  the  log.  secant  of  £  10.22493,  whose  i»um, 
ntfeeting  10  ie  the  inoiBS,  u  8.&S760  whieb  aougbt  Ibr  in  the  log.  tai^enta  eorraapond  la 
the  Col.  P.  M.  to  Oh.  15m.  268.  ♦vhoae  half  Ob.  7m.  4  ?^.  is  the  middle  time  between 
tho  t«vo  obiicrvations.  Taking  the  sum  and  diderencc  of  thii  and  half  the  elapsed  time, 
4h,  gives  the  tunes  from  noon  when  tliu  observations  were  made,  4h.  7m.  439.  and  3h. 
SSm*  178.  the  one  beiog  belbce  noon,  the  other  afternooB.  The  euM  neull  it  abtaioed 
whieh  eier  idtitude  ia  corrected. 

BXAMPL£  II.   (Same  at  Example  XIII.  page  145.] 

Given  the  moon's  correct  central  altitude  55^  20',  the  moon's  dci  lination  0°  36'  N. 
The  auo's  correct  central  attitude  at  the  same  time  37"^  40',  hia  decUnalion  0^  iT  S. 
The  Aotcr  on^/a,  or  diflbrenee  of  the  right  aaeenalona  of  the  wn  tnd  moon  S  hoon.  Re- 
quired the  true  latitude,  the  latitilde  by  a'.count  being  23"^  N. 

The 
alUtuie 
ebaogei 

plied  by  50,  and  the  two  right  hand  figures  rejected,  gives  tho  correction  of  altitude 
1590'  =26'  30".  this  u  to  be  addled  to  the  altitude  37^  40'  because  the  change  from 
irs.  to     36' N.  approoehesthe  i«B  tothe  oloTited  pole,  therefbie  the^%  corrected 
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•Ititade  i»  ifP^Wm  siiDplj  38P  if.  Uiifig this  widilte aiornV  aJUtudc  55^  SO',  tb« 
noon^s  declination  0°  36'  >.  and  the  hour  aBgle  6  bmiri,  llie  btitade  toay  be  fomd  If 
tlie  firti  mdAod,  in  tbefiiUowiqgiBaDnar : 

Col.  1.  Col.  8.  Col.  8. 

8h.      M«c.  foatitt 


.9.I74M 


B  00  44*1  B. 


z  ft  OjB: 


•ioe 


lailtade     2SP  2i'  N. 

Tbto  agreei  with  the  calculation     the  third  method. 

ir  the  moon's  altitodo  56^  iO'  hnd  bet  n  considered  bs  the  first  altitude  and  corrvctedy 
the  tabular  number  rorrespondinc  to  this  altitMlc,  the  moon's  declination  l>  36'  N. 
«nd  the  latitude  by  account  23  -  20  N.  tvill  be  70".  Multiplying  this  bj  the  change  ofde^ 
tlination  3180",  and  neglecting  tha  two  rin^tbtnd'flsitrea.ghrM  Oie  correetion  of  altitade 
2226  —  37'  6"  or  ?imp!y  37',  whieb  if  to  be  puhtraried  from  tlie  moon's  altitude  r>5'  20^ 
toobuio  the  conrecUd  altitude  64**  43*,  because  the  change  from  0<^  36^  N.  to  0-  17'  S. 
nehea  the  noon  recede  (hnn  tte  efevaled  pole.  Urinj;  the  corrected  altitude  54^  4y 
the  sun'f  declination  0'^  IT  S.  and  the  sun's  altitude  37<^40' wilbtbellOVMlie  A.  Ib» 
latitude  maj  be  found  )xj  tbe>ir<l  mOhod,  in  the  foUowiny  aiimer : 

Col.  5. 


Col.  1. 
EtaoMdtfaw    $h,  ee^ae. 
i^KUaatloe  flOirg.  mc 

ia3t5» 

MjOOQOi 

Cokt. 

"    A  Me. 

•t                                                      -  "  ™  ™  •  ■ 

1  9UN02B 

0MW.  i0ki4tei 

* 

sae.'  MMNMai 

.    0  dea 

sum 

ea^lea  MWN 

Ziae.  UMWO 

B  QO  Sf'IB. 


Z  24  7}N. 

F  2S   4G  N. 


WUdi  egnea  wilb  Ibe  pracediQf  cdeabtfom. 


Latitude      2S0  24'  If.  wm 


EXAMPLES  FOR  EXERCISE. 

I.  The  itin*8  correct  central  altitude  was  33'  12^',  hia  declination  14°  N.  After 
J!/?o  ^*  centre!  eWtude  wea  50^  1'  island  dediimtieii  1S<» 

08' 38".    Latitude  by  account  52°  5'  N.    Renuirod  the  true  latitude  ? 

The  tabular  number  correaponding  to  the  altitude  41^  33'  12"  is  87''  and  this  bcinz  U- 
kfen  for  the  lint  altHnde*  b  also  corrected  41^         the  second  altitude  50^  l'  l2".etap- 
aed  time  1  h.  30m.  and  declination  1 3^  58'  38''  N.    These  make  Ibe  ktiHide  6«o  5*  ft/ 
n^lliLl'^l^^.  '1*2" for  the  first  altitude,  and  u^ing  the  corresponding  declination, 
ine  UMilarnmiiberu  95'',  the  corrected  yirsi  alUtude  becomes  50^  2'30",  usiiur  thia  witb 

2fi.fSr;i'*''*"**'^rr  decUaatloii  140  K.  md  tbe  elepaed tteST  SO.  n« 

latilude  becomes  as  before  52^  5'  N. 

aiS,  the  con^ct  central  altitude  of  the  moon  53^  43',  her  declination  14<^  16'  N. 

fe.de  wis  ii^S?  *J»«^  «|f  «»«>r^  Ih.  44m.  15s.  her  correct  central  alti- 
tude was  42^  29  and  dechnatiOD  13^  W' N.  Tbeletitiideby  •eeowit49>64^M.  Re- 
quired the  true  latitude  ?  meovwn'mr  am  a,  tim" 

beft;id48o^S' N  IbehHtrtewa 


liuir     TiS  dSri^^irS!'^  't.fferenr^  fur  ih^«4m  will  bAbr  f^rrMvZ- 

t  -r  a-.ei  |KN»  a*  cbe  {rmter  alUiude,  and  460  u'4_-e«  si>=370  w  the  hrrri  tfitwiif^^ 
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Or»by  taking  42^  29'  for  thefint  alUtode,  and  IS°  53'  S,  for  the  firat  declination,  the 
tabular  correction  wffl  be  83*,  Hw  tomMfini  «llftiite4IP  49',  using  this  and  the  see- 
and  altitude  ;)3^  43',  the  corresponding  second  declination  14^  16^  N.  and  the  hour  an- 
gle ih.  4  hn.  158.  the  latitude  wm  be  fiauiid  4^^  54' N.  MttTj  i«iMin^ 

Bier  calculation. 

3.  Given  the  correct  central  allilnde  of  the  moon  38', ber  teiinnlion  O^iO^S. 
After  an  intcn  ul  in  n  incb  the  houran^e  was  5h.  30in.  49s.  her  correct  control  attitude 
was  99^  57',  and  her  declinatioo  !<-  10*  N.  The  latitude  by  account  23""  25' S.  Re- 
quired the  true  latitude  ? 

With  {he  first  altilude  96^  SS'andtbe./T/  ft  declination  0^  20'  S.  the  tabolar  correction 
18  71"  and  the  jir«<  corrc2ted  altitude  54"  34' 6".  Using  tbis  with  the  second  altitude 
29^  57^,  the  second  declination  i*-'  lO'  N.  and  the  hour  angle  &h.  30ra.  49^.  the  true 
«titnde  will  be  found  23"^^  23'  S. 

Or,  by  taking  29^  S7'  for  the  firat  altitude,  and  1°  10*  N.  for  the  first  declination,  tbc 
tabular  correction  will  be  45^  and  the  first  corrected  altitude  30°  37'.   Using  this  with 
tteMeMtfdtiliide5fi»38'lbeieeMdeelinlima<>M'8.nB4lhabourai^  ftb.  SOn. 
49s.  theCraelilit«dewillbetoiiidl»be»*'W8.  oawly  ■8raeii«frilb& 
calculations. 

In  making  the  calculations  of  tbe^c  three  examples  the  seconds  were  noticed,  which 
is  always  best  to  be  done,  particularly  when  the  nllilndeeareiMerIf  ttpaij  soom  differ* 
encc  miftht  be  fourd  in  the  above  results  if  the  nearest  minutes  oniy  were  taken.  Thus, 
Example  XII.  page  144|  ealculatiqgto  the  nearest  minute,  only  gires  the  latitude  S^^^  28'. 
If  the  calculation  be  made  at  in  I.  efcbis  appendix,  itbeco«Ma5y«y,  diftfing 
This  would  be  avoided  taking  the  angles  to  seeoBis,  Mi  Ia  sOme  eitlMie  Ctee  It 
would  inquire  the  oie  ef  bor  7  places  of  dedmala. 
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TABLE  XLVIII. 


TABLE  shewing  tberarUlion  of  tbealtitude  of  nn  object  mt'uiag  from  ■  ctuore  oi  lOOtecoadi  is  lb*  cUellaatiM. 
If  lb- cban^r  movrc  th^  bo>ly  towartU  ibe  rlevati^J  pole,  apply  ibe  correciLuo  U)  ine  •lliUide  *itb  the  mite 
Tnii>  ;  oiherwi**".  chnnge  the  tlgns. 


TABLE  XLVm. 

TABLE  thcv,  lug  Uic  varUiion  of  thf  aliituric  of  nn  object  ariting  from  a  change  of  lOOseetAnds  io  tb 
Ihl*  «•»  »nKe  move*  thr  tindy  lowardi  Um  ekvatcd  pott,  appl]r  Uw  COTftctiw  10  IbC  tMUvdt  iirUb  the aij 


tursnai 

II  OfiifimUtumtfiwm 


Dec  Alt. 


1^ 


18^ 


20^ 


0^ 
10 

20 
30 
40 
50 
60 
70 


0 
10 
80 

30 
40 
50 
60 
70 


0 
10 

20 
30 
40 
50 
60 
0 


0 
10 

20 

;<o 

40 
50 
60 
70 


0 
10 

20 
30 
22<140 
50 
60 
70 


S4' 


0 
10 

20 
30 
40 
oO 
60 
70 

0 
10 
20 

^0 
40 
SO 
60 
70 

An 


0/i 


UM1T01NE 


11 


7a  60° 


97' 

94 

94 

97 
106 


98 
94 
94 
96 
104 


99 
95 
93 
95 
102 


100 
95 
93 
94 

100 


96 

93 
94 
98 

no 


97 

93 
93 
97 
107 


98 

95 
93 
96 
105 


70O 


89" 
86 
86 
89 
96 
109 


90 
86 
65 
S7 
94 
106 


91 
87 
85 
86 
92 
103 


92 
87 
85 
85 
90 
100 


93 
88 
85 
85 
88 
97 
117 

"95 
88 
85 
84 
86 
93 

112 

~% 
89 
85 
83 
85 
92 

108 


600 


50° 


79' 
76 
75 
77 
82 
93 
115 

80' 
76 
74 
75 
80 
90 

no 

76 
74 

74 
78 
97 

105 

82 
76 
74 
73 
76 
83 
100 

83 
77 
73 
72 
74 
80 
95 
131 


40° 


84 
77 

73 
71 
72 
77 

91 

123 

78 
73 
70 
70 
74 
86 
115 


W°  40^ 


66" 
63 
61 
62 
66 
73 
99 
125 

67 
63 
61 
61 
63 
70 
84 
117 

68 
63 
60 
69 
61 
66 
79 
108 

63 
60 
58 
59 
63 
74 
100 

T9 
63 
59 
57 
57 
60 
68 
92 


70 
64 

59 
56 
54 
56 
64 
83 

« 
64 

59 
54 
52 
53 
58 
75 


30° 


52" 

48 

46 

45 

46 

50 

60 

82 


52 
43 
45 
44 
44 
47 
54 
73 

53 
49 
44 
42 
41 
43 
49 
64 


53 
48 
43 
40 
39 
39 
43 
56 


54 
48 
43 
39 
36 
36 
38 
47 


56 
48 

42 

38 
34 
32 

32 
38 


56 
48 
41 
36 
32 
28 
27 
29 


20° 


3o'1 

31 

27 

26 

25 

25 

27 

35 


36 
31 
27 
25 
22 
21 
21 
25 


36 
31 
26 
23 
20 
17 
16 
16 

"36 
31 
25 
21 
17 
13 
10 
6^ 

37 
30 
25 
19 
14 
9 
4 
-3 


37 
30 
84 
18 
18 
5 

—2 
-13 

"38 
30 
23 
16 
9 
1 

—8 
-23 


io<y  0° 


13" 

14 

10 

6 
2 

—2 
—7 

—16 


18 
13 
9 

4 

0 

—6 
-14 
-26 


18 
13 
8 
2 

—3 
—10 
—20 

—36 


18 
12 
6 
0 

—6 
—15 
—26 

— 46 

~l9 
12 
6 

 o 

—9 
-19 

-33 

-56 

T9 
11 
4 

—4 
-12 
-23 

-39 

^67 


19 
11 
3 
-6 
—  16 
—28 
—46 
—78 


90° 


—9 
—14 
—21 
—30 
—43 
—69 


— 0 
—5 
—10 
—17 
—24 
—34 
—50 
—79 


— 0 
—b 
—12 
—19 
—27 
—39 
—56 
—89 


— 0 
—6 
—13 
—21 
—31 
^3 
—63 
-  100 


— 0 
—7 
—15 

—23 
—34 
—48 
—70 
—111 

—S 
—16 

—26 
—37 
—^3 
—77 
—122 


— C 
—9 
—18 
—28 
^41 
—58 
—84 
1—134 


I   .L  I 


10© 


aO*  80°  40^  50*^  60^ 


18" 
23 
28 
35 
44 
53 
79 
121 

18 

23 
30 
37 
43 
62 
86 
132 

1?" 
24 
31 
40 
51 
67 
93 

143 

Is 

25 
33 
42 
55 
72 
100 

"19 
26 
35 

45 
58 
77 
107 

19" 
27 
36 
48 
62 
83 

116 


19 

28 
38 
50 
66 
88 
123 


35" 
40 
45 
55 
67 
85 
114 


36 
42 
50 
60 
74 
95 
128 


36 
43 
52 
63 
78 
too 


37 

45 
54 

t.« 
82 
106 


46 

56 
69 
86 
111 


38 
47 
58 
72 
91 
117 


32" 

57 

64 

74 

89 

no 


52 
53 

r»6 


36 
41 
48 

53  77 
70  92 
90  115 
121 


20O  50° 


53 
59 
68 
79 
96 
121 


53 
60 
70 
82 
100 


34 
62 
72 

86 
104 


55 
63 
74 
89 
109 


56 
65 
77 
92 
114 


72 
80 
91 
107 


67 
73 
82 
94 
111 


68 
74 

94 
97 
116 


68 
76 
86 
100 


69 
79 

88 
103 


70 
79 
91 
107 


72 
81 

94 

in 


40° 


79" 
85 
93 
106 


8U 
96 
95 
109 


81 
83 
98 
112 


82 
89 
100 


33 
91 
103 


84 
93 

105 


85 
95 
108 


89" 
95 
104  I 


90 
97 
106 


91 
98 
109 


92 
100 


93 
lOS 


95 
104 


50° 


96 
106 


60° 


LATITUDE 

It  m  Muiatitm. 


LA7ITUD& 


AVir  Form  of  Table  XX.  for  tcorking  a  Lunar  Ubservalwn. 

SINCE  Ihe  former  port  i>i*ihit  wurk  w«9  |»rintru,  a  im  u  lorni  Itas  l*rn  rWvii  \o  Table  XX.  b)  which ih« 
InU  c«»rr«?clioni  of  n  Lunar  Ob»rr>atioo  nmv  be  loiind  very  enpecJitMmslv.  The  corrrcUoD  In  Uiu  oej»  T»- 
bl**  will  frj  iiurntly  excetnl  !bos<-  deducrd  Iroiii  Ihe  former  ont  by  two  or  ibrre  tecoixls,on  account  of  bmr- 
ine  lnlro<luc.il  \he  fmirlli  bikI  fifth  corrtclion^,  wbicb  were  lornierJy  omilted. 

In  usinir  ihin  nrw  Ta»)le,  il  »iJI  in  gmeml  »^  MiflicirnUy  iircutMr  to  Cmi  ihe  ncaretl  •lutudes  and  dlv 
tance,  and  lake  oui  Ihe  corn^powlinB  currt  cllon.  wiihout  iLf  IrouWe  of  tnakjof  a  proporuon  tor  the  n*e- 
lectr,!  degree!  and  minute*.  Tbu*  in  Ex-mpJe  I.  enter  the  iwv.  labie  with  the  j^'*  ulmude  SC9  J)  •  aliU 
tU'JelOO.  di*lance  500,  which  are  ibr  m  art-M  numbers  in  the  Tnble,  ihe  correfj«n«lirg  corrvcUon  u  20  , 
at  found  before.  In  the  second  rXHm\Uv  the  *S  alliinde  iQO.  D'*  20»,  diuance  lOO,  t.ve  .be  correciion 
27"  beinr  4  more  than  the  foriiwr  method.  In  the  third  esnmple  iho  r«>rrettion  b2-.  .  In  the  tounii 
22"!    In  The  fifth  IT'.   In  the  sixth  15* '.    Tbenr  conreclloni  are  alway*  additive.  ,     .  ^ 

lu  u»inc  the  ticood  and  third  melhodi  of  workhig  a  lunar  observaUon,  ihit  corrertiun     to  be  found  lu 
(he  «ii>e  manner,  and  addtd  lu  the  corrected  distance,  mblmciing  16  '  Iron*  the  »um.   Thu*.  in 
[.the  corrrciK.D  20"  i»  to  I  e  adneti,  nnu  ihecouMant  quanliiy  18^  wbtracted,  leading  ;*    lo  be  added  »- 
•tead  of  r  .  found  by  ihe  foniM  r  inetbtKL 

TABLE  XX.  {New  Form. )    Correction  in  Seconds, additice. 
 ^  


20O 


40O 


100 


800 


i\y' 

20 
30 
40 
50 
t>0 
70 
80 


20 
«) 
40 

M 
60 
70 
»i 


10- 

20 

40 

50 
60 
70 
80 


10" 

20 

'JO 

40 

60 

60 

70 

80 


10" 
20 

ao 

40 

50 

a> 

70 
80 


I0» 

'M 
3U 
40 
50 
60 
70 
SO 


10'' 

20 

30 

40 

60 

60 

70 

80 

10" 
20 
SO 
40 

50 

00 
70 

to 


'.«6 
66 
18 


60 

67 
!8 


IB 
(» 
78 
57 
18 


18 
58 
t>4 
47 
18 


18 
48 

50 
36 
18 


18 

36 
36 
27 
IB 


IB 

27 
25 

20 


18 

20 
Id 


7a 

71 
39 


(>4 
73 
62 
35 


35 
60 
61 
63 
31 


34 

52 
54 
43 
27 


30 
43 
42 
34 


26 
33 
31 
25 
20 


23 

25 
23 
19 


20 
19 


30' 

40" 

46" 

600 

70© 

GOP 

90" 

^0^h- 

ti7" 

to" 

"53' 

48' 

41" 

37" 

31 

•27" 

23  ' 

19  ' 

64 

58 

52 

48 

4J 

37 

:>i 

27 

IB 

4b 

46 

44 

42 

39 

34 

so 

V5 

IS 

18 

28 

32 

33 

33 

30 

27 

24 

21 

18 

18 

23 

25 

36 

24 

22 

20 

18 

18 

22 

22 

21 

19 

le 

19 

19 

18 

18 

18 

18 

51 

46 

39 

33 

28 

24 

20 

17 

63 

66 

49 

44 

40 

S3 

28 

24 

20 

17 

56 

50 

45 

41 

38 

32 

27 

23 

2U 

17 

39 

3^ 

38 

o6 

33 

29 

25 

22 

19 

17 

It 

25 

28 

29 

28 

36 

23 

31 

19 

18 

18 

21 

23 

S3 

21 

30 

18 

18 

1 H 

I  m 

20 

19 

18 

18 

18 

18 
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EDMUND  AND  GF.OHGK  \V.  BLUNT, 

HAVE  OPENED  4  CHART  AND  QUADRANT  STORR^ 

No,  1 49  I'L  Y-MA  RKE  T-STItEE 

One  door  above  the  North  corner  of  Front-Street,  NEW-VOKK;  where,  by  per- 
sonal attention  to  buninciis,  they  hope  to  receive  that  patronage  wkich  iodlMrf  and 
IMMVttftiMe  BMrit  They  have  liM'nle— 

BOOKS: 

BOWBITCHMS  PRACTICAL  NAVIO A^R,  6tb  edition,  stereotyped. 

BLUNT'S  AMERIC  AN  TOAST  PILOT,  KMll  edition. 

THE  MERCHANT'S  AND  SHir.MASTER?S  ASSISTANT,  containing  iaUfftM- 

Hon  useful  to  mcrehants.  roasters  of  sfaipa,  he.  * 
NAUTICAL  ALMANACS,  from  the  year  iSll  to  1 828,  both  incltttive—Co be  eflyUidttr 

ed  annually.    Explanntion  strrrotvjx  d.  ;irul  Kiv^li.  !i  copy  corrected* 
SEAMANSHIP  AND  NAVAL  TACTICS,  second  edition. 
WARD'S  LtlNAR  TABLES. 

CHARTS: 

A  NEW.  CHART,  extending  firom  Nerr-Yoric  to  Havana,  including  Bahama  BaAks 
and  Channels,  improred  by  actual  surveys  of  Iho  Cheseapeake  Bay,  by  order  oT 
the  Navy  Department,  and  of  ('  lix  s  Haltem-^,  Irof!  Out,  and  fear  Shoals,  in  con- 
formity to  an  act  of  Coiigntss  of  the  Lnitci  States,  and  conducted  under  tbo  di* 
rection  of  J.  D.  ELLIOT,  Csq.  Copt,  in  the  U.  S.  Navv,  and  bypermiiMonof  Hon.. 
SMITH  THO^U»SON.  Secretary  of  the  Navy,  copied' ,  and  (  outnins  all  the  Sur- 
reya  made  on "tJie  Coastof  /iTorth  Cm-otina^  to  the  nresent  time  (1826.)  This  Chart 
hw  been  tinee  improved  bj  m  survey  from  Sandy  Hooir  to  Cape  May,  under  the  di- 
rection of  Capt.  Jonathan  colksworthv,  and  eDxMund  blunt,  Hj- 

dro?rapher.    It  has  also  several  PLANS  of  HARBOl'KS,  from  actual  siir>eys. 
DO.  of  the  Mississippi  River,  extending  to  New-Orleans,  including  Mobile,  &c.  wRk 

sailing  directions,  and  plan  of  Mobile,  on  a  large  scale,  from  actual  survey.  ^ 
DO.  of  Bahama  Banks,  from  tetualsnrvey,  made  in  akiop  Orbit,  in  1820,  with  sailing 

directions.  ■ 

DO.  from  Noir-Torle  to  Nova  Scotia,  extending  Amn  latitude  38^  N.  to  latitude  47*  N. 
longitude  eflP  W.  to  longitude  74 'W.inclmlin?:  the  whole  of  St.  Gcorge»8  Bank, 
improved  to  August,  1821,  by  government  and  oihcr  suncys.  l»y  which  the  latitude 
of  the  South  Shoal  of  Nantucket  was  found  22'  wrong,  and  is  here,  for  the  fimi 
tune,  published  correct. 

DO.  of  the  AUyiticor  Western  Ocean,  improve',  1S20,  witlj  an  .Analysis  of  the  aiN 
thorities  t^n  which  the  dangers  have  been  inftcrted  on  the  Chart^  The  Tracks 
extend  to  the  Equator,  and  are  eontinued  on  the  Chart  of  the  South  Atlant|B  Ocean. 
Thi.t  h  the  only  gcnomi  Chart  extant  whfeb  has  (he  latitude  of  the  Sootti  Shoal  of 
Nantucket  within  22  miles  correct. 

DO.  of  the  Son^  Atlantie  Ooea^  containing  more  anthentie  inlbmatiOB  ttuaiijrax' 
tant,  part  of  whieh  describes  dangen  lately  diseovered,  witb  ortglnal  plans  of  bar- 
boars  and  views. 

1X>.  of  the  North  Coast  of  Brazil,  shuu  ina;  the  entrances  and  courses  of  the  Rivtrt 

Para  and  Amason. 
7>o.  of  the  VVest-Indic..  on  four  sheets,  which  may  be  liad  separate. 
1)0.  of  the  Coast  of  Guyana. 
DO.  of  the  Coast  of  Brazil. 

PO.  of  the  Inland  of  Bermudas,  with  sailing  directions  on  the  chart* 

PO.  of  Lon^  If^Inntl  Sound,  improved  to  iSil. 
DO.  of  the  Coaivt  of  Labrador. 
DO.  of  Newfoundland. 

FLAN  of  New-London  Harbour,  snrvcvcd  Iiy  CHARLES  MORRIS,  Esq.  of  the  Lnltcl 
States  Navy,  by  order  of  Commodore  UOPGERS,  and  to  him  respectAiUy  dedicated^ 
Rej^bating  Ctrefes  ;  Bram  Sextants,  witfi  "Klescope-t  complete,  in  maht^nv  cases ; 
Brass  Sextants  for  the  pocket  ;  Ebony  Sextants ;  Quadrants  of  superior  make,  with 
TctcsrojMM  ;  ditto  without  ;  Artificial  Horizons  ;  Steering,  Storm.  Amplitude.  Azimuth,* 
f  oclwut  and  iianging  Compasses  ,  Day  Telescopes  for  sea  or  land  ;  Night  and  Day 
Teleseopes  ;  Night  Telescopes,  eitlier  to  invert  the  object  or  show  it  ercd  ;  Coses  m 
Instruments  for  Navigation  and  Drawing  in  general ;  Scales  and  Dividers ,  Common 
and  SUdim;  Gunter^  Scales }  Mast-makers',  Ship-carpenters*,  and  Cordage  Rules ;  Ma- 
rioe «mI <%aimoii Thermometers  j  Lqyd TbwaflliiiM ;  BaraBdCompoond Magnets; 
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Jack  and  Pen-Knives  of  various  kinds  ;  Writing  und  Letter  Paper;  Ink  and  lnkPo«r- 
der ;  Lead  and  ^late  Pcncib  ;  Log  and  Account  Books  ;  Seamtns*  Jctarnals  : — vidi 
etery  arlkle  in  the  ttstioMry  line  tMeOiItt  sea. 

Also,  cvrry  Chart  and  Navigation  Book  r»  (]iurf  d  by  gentlemen  noris^ting  aity 
part  of  the  globe,  it  being  their  sole  object  to  furnish  au  uiiiver&al  assortment  ou  the  most 
reasonable  terms.  '  * 

ICjP'Conipasses,  Sextants,  Quadrants,  Tlicrmomctcrs,  Barometers,  and  Spy  GlaaiBi 
corrcrtly  rvpairrd  ;  and  orders  kfl  at  their  Mnrv  u  ill  be  punctually  attended  to  by  woA* 
iag  for  the  article,  and  when  repaired,  carcfuily  rt-turaed. 

ClaiA  gifta  for  seeond  hand  IiMtruaients. 

PubliMlbyE.  $r  G.  fF.  BLUNT, 

PLAN  of  New-Tork  Uariioiir,  firom  actual  nrvej/and  wbkii  may  be  used  witk  ^ 
greatest  conndcRoe  »ben  a  Pilot  cannot  be  obttined,  alto—*  aecond  edition  of  V(4IIIP8 
Lunar  Tables. 


/  Preparing  for  PuMisliimr, 

Which  will  appear  at  the  commencement  of  the  year  1622,  a  CLiAlil  ui  the  Coa^i 
oTiMbrM  Awf«ec,oaaS4»le,and  withauch  im^fenents,  a*  are  not  to  bo  taadoi 
aav  extant. 

Maj,  1826. 

NOAH  T.  PIKE, 

Draper,  Mercer,  and  Merchant  Tailor, 
No.  319  Pcari-Stceet  N£W.YOilK,  Franklin- Square, 

Respectfully  informs  tlie  public  in  ;»pncral.  that  he  has  constantly  on  hand  (at  bis  e*ta- 
bbshment)  a  choice  assortmeut  of  fashionable  Cloths,  CassiiMra,  and  k  atings,  of  a  hand- 
■ome  Tariebr  and  taste. 

He  would,  in  particular,  inform  those  who  may  please  to  favour  him  with  patronajrp, 
that  his  goods  arc  constantly  of  such  variety  in  style  and  (juality,  as  is  calculated  to  ac- 
GOmmodate  his  customers  with  any  article  of  Clothing  in  his  line,  suitable  far  aaj 
Reason  of  the  year,  which  he  will  guarantee  to  (brnish  them  with  at  the  fhoftest  aotiee, 
jCSecuted  in  the  mo&t  durable  and  fashionable  .style,  and  on  the  mwt  reasonable  teira». 

iCJ^  He  thus  solicits,  as  he  hopes  to  merit,  a  generous  share  of  public  patraoage. 

April,  IW. 


Tlie  New- York  Lookin?  Mass  Manuf  ictiiriM-  rompany,  No.  40  Wall-sVrcel,  respect- 
fully inform  Shippers,  Connfry  MerehanJs  and  the  i)ulilic  in  general,  t^j^ey  arc  new 
ready  to  supply  them  iviih  iSlantcl  and  Pier  Looking  (ilasscs,.  of  evWy  siie  and 
riety  of  p  itLcm,  equal  in  quality  to  any  offibred  in  till  eify,  and  at  the  moal  fedneed 
pricci.   Tho.se  therefore,  wbo  wish  to  pudiase,  wUl  find  it  to  dwir  advanlap  to  caB 


and  examine  for  themselves. 

Masters  of  Veaads,  having  orders  Ibr  the  above  artklc^,  may  depend  oa  tiMt 
ality  ant}  liberality  in  prices,  whidi  will  ever  give*  aatit&ction,  and  the  

tention  will  be  paid  in  packing. 
Nenr-York,  April,  1826.  M.  O'CONNOR,  Agenu 

Half-price  BOOK-STORE, 

iVb.  4  South  Froni'Street,  Philadelpria. 

Books  in  almost  cvciy  department  of  literature  may  be  bought  at  the  Hdf-Pticf 
Book-Store,  at  an  average  of  about  one-half  the  usual  retail  prices.  Scarce  and  cofif- 
right  hooka,  wliich  cannot  be  aflbrde^  so  tow,  will,  in  eveiy  inatence,  he  told  at  the  low- 
estprices. 

wank  Books,  Paper,  Quilb,  Inkpowdcr,  and  a  general  aaaortnenl  of  StatioDafy. 

NAUTICAL  BOOKS.  • 

Blunt's  Coast  Pilot,  Bywditch's  Navigator,  Nautical  Almanacs,  Ship-Mastcr*i  As- 
bistantf  CShaita,  &c. 

Passengers  and  others,  who  uny  want  Books  to  amuse  thcniJioTvTs  with  during 
leiaiue  hours,  may  often  buy  here  such  as  Novels,  Magazines,  or  other  light  rci 
naeh  lower  than  half  or  even  one>lbQrili  the  nominal  priees. 

ilf^yv  IMS. 
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WASHINGTON  HALL. 

M'lNTYRE,  Wjishin^ton  Hall,  282  Broadiray,  corner  of 

'  llcoil-stifiet,  New-York, 
HeipeclAiIlT  informs  the  public,  be  U  at  «U  times  ready  to  accomrtiodate  Witt 
BOARD  ad  LODGING  private  Tamilie*,  Sttd  gBoUemRi  who  may  resort  to  this  city 
lor  hu5*ines9  or  plcastirc.  nnd  with  confidence  a«siires  tliem,  his  establishment  is  not  ex- 
ceeded by  any  other  iu  the  city  for  convenience  and  comfort  ;  and  being  in  the  neigh- 
bomfcoM  of  the  Thaitra,  Mnteuni,  City  Htll,  and  pItMs  of  aanMiBMit,  ha  fatten 
lunMir  iq  fiviaK  the  greatest  aetieiection.  May,  1  f^'iS. 

JOHN  J.  KICKERS, 

IMPOIM  IJI    \Nn  MAM  I  AC  n  riI.K  OF 

PMJ^fO  FORTES,  4  c.  JljYD  MUSIC  SELLER, 

No  187  BROADWAY*  NEVV-YOKK. 
Piaao  Fortee  lepaM  in  a  very  superior  style.  May,  1^6. 

'  WILLIAM  n  PKILST'S 

nWBXAEllir  A2VD  WATOH  STOILB. 

No.  189  Broadway  f  opposUe  Jolm^ri§tf 
NEW-TORK. 

A  genera]  asuortment  of  Fuhionable  Jewellery,  8ii?er,  Plaled,  aad  Biittuda  Wt|a, 
Fine  Ctttlefy>  Clocks,  Watches,  and  Fancy  Artick-!*. 

*0*  Particular  attention  paid  to  V>  atcb  Repairing. 

April,  im. 

MERCH  A  LORS" 

ALEXANDER  DOUOliER  f  V  &c  SON,  Merchant  Tailors,  No.  39  South  Front-Street; 

PIllL^DELPiUAt  have  for  -nle  n  \aricty  of 

CLOlULNti  UF  FIRS  I  QUALITY. 
Navy  and  Army  Offieeis  aiay  supply  thenselres  9p  tlie  noet  rMaaaefale  Mat, 
And  with  the  neatest  fltshioos.  May,  1|B6. 


CLOTHING  STORE. 

ALEXANDER  DOLGHERl  Y  &  SON,  Tailor^  No.  1(»  South  Waler-«trcet,  P/f/- 
LADELPHLAt  have  constantly  on  band  a  regular  and  extensire  assortment  of  CLOTH- 
ING,  where  Olikers  and  Seamen  may  i«ippiy  themselves  on  the  moat  salislhictory  temfs. 

May,  ISMw 


JAMEb  B.  8TANSBUUY, 

Jfo.  SS  Tftomcf-ifreff,  FtWt  P^t, 
BALTIMOSK, 

Has  for  sale  a  general  assortment  of  MEDtCtMEB  and  DHUOS,  of  the  best  quaU- 

ties,  wholesale  utid  n  tail. 

MBDICINE  (1  IKS  I  S  of  every  description  for  shipping  and  private  families  put  up 
at  the  shortest  notice  and  in  the  neatest  manner.  Old  Medicine  Chests  refitted  with 
the  greatest  eaia  aad  despatch,  with  plain  and  anq^  directioas,  and  on  the  lowest  Israu. 

May,  1M6* 

~  PETER  McLAUG H  EI^^^ 

CHEAP  CLOTHING  STORE, 
No.  59  Pratt-^ut, 


ICP  Fine  and  eoarse  goods  made  «p  and  sold  at  the  lowest  pcfeM 
Mhy,  iSSai 
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BEUJi>L\G  WAKEHpUBE. 

Air.  270  AMk  Seamd-^tmt,  abaveike  QMm  Lamk$ 

PHILADEIiPHIA. 

BENJAMIN  O.  HODGF.^^vpectfuUj  infonw  hifftfeiidt  tnd&e  paUk  m  senertff 
that  he  keeps  on  hfuid  a  coiistant  supply  of  Beds  and  Bedding;.  Mattres«es  of  all  kinds, 
Sackinjr-Bottoni«— F£.i77y£y2iJ  of  the  best  quality,  Curic  d  Hair.  Moss,  Flocks,  C«lr 
tails,  Cotton,  Wool,  and  a  general  assortment  of  CABLKET  W.iRE,  such  as  Bed- 
•tMdty  BuraMiSy  Tables,  SidemMa,  €lifliini*s  Cribs,  Cradles.  Wash-stands.  &c.  and  % 
gleiiemi  assortment  of  CHJilltS,  and  a  number  of  otht-r  articles  in  his  line,  all  of  which  . 
*be  will  sell  on  reasonidile  terms.  Young  persons  u  ho  are  about  to  commence  hooar-  - 
keeping^  find  it  to  their  ndvantafs  to  ctH  and  Me  his  Mfortinent,  end  Stdp-Blaelets 
'  will  be  furnished  on  tlie  BOft  Jib«nd  tenas. 
May,  1826. 

TWZIEB  a  BOZVVJELp 

Fancy  and  fVindtor  Chair  JUanufaeturefSf 
No.  S  Chenyitreet,  one  door  fkon  DoWiOlBBet, 
NEW'TORK, 

IC?^  Orders  Oenkfully  received,  and  executed  witli  punctnalitj  and  degjatck.  K 
liberal  allowance  nado  to  sliipprrs. 

Old  Cliairs  repaired^  painUd^  and  regiU. 

April,  1826. 

w         .  ^  w.  DURYEE, 

^0.  iiOii  Fiarl-tlrecti  next  door  to  the  cjrn^r  of  Fly- Market-slip 

NEW-YORK, 

lias  for  sale  a  i^neral  assortment  of  Drugs,  Medicines  of  all  kinds,  Perfumery,  Djfn* 
and  Fullers'  articles.  Patent  Medicines,  &c.  of  the  best  qualities  and  low  prices. 

MEDICINE  CHRSTS  put  up  and  repaired  with  care  and  dQspatdi,  hj  a  prafeaaioiir 
al  character,  and  all  orden  kft  at  806  Peari-atreet,  wiU  be  promptly  attedad  to. 

May.  1826. 

'         '      ^iSAAC  W.  GOODRICH^ 

STATIONER, 

IVo.  76  Stafc-Strcct  Boston,  (3Iass.) 

lias  for  sale.  Ledgers,  Journals,  Ca3h,  Sales,  Invoice,  and  Letter-Books,  mled  and 
bound,  in  the  neateat  manner  ;  Paper,  warranted  of  the  very  first  quali^,  prices  low ; 
English,  Italian,  and  American  writing  paper  ;  Lett<  r,  do.  ;  Dutch,  Engliali,  and  Ameti- 
can  Quills;  Ink  powder;  Wax,  Wafers  ;  Ked  and  Black  Ink  ;  renknivts,  of  Rod^rr'a 
manufacture,  l^U  ditfcrcnt  pallerns,  one  tu  eight  blades,  12  cents  to  ^6  each :  John  Bar- 
iter*!  Old  EaitUsh  Rasors,  warranted|;ood,  or  money  returned ;  Enteiaon^  Rasor  Stro^ 
superior  to  any  in  use  ;  Playing  Cards,  by  groce,  dozen,  or  single  pack,  at  Bsanufactur- 
er's  piicea  j  Day  6s.  Martin's  Real  Japan  Liquid  Blacking,  by  cask,  dozen,  or  juf ; 
Bowditch*s  new  edition  Navigator  ;  BhiafS  Ameriean  Coast  Fiiot ;  Nauticu  AIbm* 
naes ;  Ready  Calculators  ;  Sailor's  Physieiaib- Kciaman*e  Journals,  printed  fenoa^  any 
Stxe  or  thickness,  houtid. 

Merchants  will  always  find  a  complete  assortment  of  blanks,  such  as  Checks,  Bills 
LttUng,  Entries,  ManBbsts,  Shipping  Papers,  &e.  flee.  Account  Books,  in  sets,  iwled 
and  bound  to  any  pattern.    Old  books  re-bound. 

L  VV.  U.^has  a  manufactory  of  Ca{J'tikm  tockti  JBool»,and  can  furnish  them  ia  a  style 
^iiperior  to'any  manufhctored  In  ue  United  States,  and  as  low.  Pur^asen  are  in- 
vtted  to  call  and  examine  for  themadves. 

5>€a-f3rin^  persons  ran  be  supplied  with  Stationary,  Nautical  Books  and  Chaits, 
by  senduig  tbeu^  orders,  and  on  as  good  terms  as  can  he  purchased  for  m  Boston.  Store 
onentiU  So^oGkefeoiqp.  Goods  ient  to  any  pait  m  tke  toim,  glatis. 
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.  EDMUND  HAVILAND. 

IMPORTKR  OF 

CHINA,  GLASS  AiND  EARTHENWARE; 

HAS  eoMftaiittr  on  IiukI  tn  extensiTe  twortaent  of  FINE  CUT  and  PLAIN  GLABSf 
CMIN  A  and  BAKTHENWARB,  «t  the  towest  prices,  bj  the  peefcace  or  leas  q^tllj, 

at  his  store 

No.  306  Pearl  street,  just  below  reck-sliu,  ^WhYwrk, 
N.  B.  The  most  a|i|nroved  articles  and  pattijhu  for  ship's  use.  Maj,  l6S6w. 

~       '     CABZXf £T  WAILEUOVSS,^  - 

Xo.  48  Canal-sfrcetj 

UE^RY  M.  BRITON,  inCorms  the  public  that  he  has  const  intly  on  hand,  an  exteii- 
"OiTe  aiBortaieotof  Furniture,  of  every  description  in  bis  line,  together  with  Mahogaity 
Chairs  of  the  first  style  ;  all  of  which  he  will  dispose  of  on  the  most  reasonable  terms. 

A  share  of  the  public  patronage  is  solicited.        .  New-Yorlc,  Maj,  lSS6k 

0.  HraoBnraosTf 

No.  9S  Canal-street y  New- York. 

iCPSideboards,  Secretaries,  Sofas,  Dining,  Breakfast  and  Card  Tables,  Ite.  ftc.  Of 
-the  newest  fashions,  and  made  of  the  best  materials,  constancy  for  8al^--or  made  to  or- 
daryOn  the  most  accommodatiQg  tttns*  May,  lS86w 

pzAzmo  roxiTss.  \ 

T.  LOUD,— ^PIANO  FORTE  MAKER,  (from  London,)  respectfully  informs  tife 

public  that  he  has  replenished  his  stock,  an tl  haii  for  sale  a  hanf^orv.c  si.-'^orf  ment  nf 
very  superior  f  iano*Fortes  of  touch  and  (on«,  neldom  to  be  equalled  \  one  of  which,  just 
Unishe^  with  four  pedals,  is  of  unusual  and  unrivaled  splendour,  united  with  real  ex^ 
cellence.  Merchants  visitinj;  the  city,  would  consult  the  interest  of  themselves  and 
iriends,  (from  whom  thry  may  have  broug^ht  ord«»)  by  examining;  th«:  u!)ovf'.  Prices 
moderate,  and  all  Pianos  uarranted.  Pianos  tuned  and  repaired,  uiul  uid  ones  taken  in 
exchange.  No.  iCtt  Canal-street,  (between  Broadway  and  Lafhyette  Circus.) 
April,  IWfe.   ._ 

FIRTH  &  HALL, 

Munend  InttfwnitiU  Makers^  and  Importers  of 

ALL   KINDS   OF  MUSICAL  BfERCHANDISE, 
No,  958  Pearl'§ine$i  mutr  Franktin'Squarej 
NEW-YORK, 

Have  constantly  for  sale  an  assortment  of  Piano  Fortes,  and  Musical  Instmnents  of 

thr  most  celebrated  Makers  ami  of  I  !:rir  on  n  m  tmirirtiirc  ;  toa;ether  with  cvtrj-  other  ar- 
ticle of  Musical  Merchandise,  wholes^ite  and  reliul,  on  the  most  liberal  terms.  BANDS 
supplied  with  Instruments,  &C.  Musical  instiuments  of  all  Idnds  tuned  and  repaired 
in  the  neatest  manner.  All  ofders  thanhAiOy  reeeired  and  attended  to  with  care  and 
despatch.  ,  April,  i886. 

BOOK»  STATIONARY,  AND  VARIETY  STORB, 

TkameS'Streety  late  Fell-street,  JFWs  Point, 
A^ril,  BALTIMORE. 


Digitized  by  Google 


CABINET  WAREHOUSE!. 

BOSS  &  FAIHCHiLD 

Bftg  leave  to  inform  their  friinda  and  ^hc  pviblic  that  they  have  commenced  the  CABI- 
NET MAKING  business  at  llicir  NVaruIioiise.  No.  ()U7  Broaduay.  where  all  orders  will 
bt;  thankfully  received  and  punctually  atttMidcd  to  :  they  will  also  find  a  large  a»-sortment 
of  imitation:}  of  wood  of  all  descriptions,  painted  by  one  of  the  first  painters  in  the 
country.  ,  April,  182»>. 


A  GCNKKAL  ASSOhTMLNT  OV 

SrORTZBTG  TACULS, 

WHOLEti.iLE  .I.VD  RET.ilL. 

AT  ISRAEL  HORSFIELI)  S  HARDWARE  STORE, 

No.  230  Water-street,  Neto-  York. 

Ihhing  Taclde, — Fish  rods,  swivels,  shrimp  nets,  India  jijaAs.  hair,  gut  and  flax  line*, 
brails  and  wood  reals,  Hoats,  sinker.-*,  gentlemen's  fish  cars,  silkwomi  gut.  stogie  and 
twisted,  Kirby  and  taper  point  fish-liookn  Histencd  on  gut,  gnus,  hair,  and  flax  snells. 
Patent  spring  pickerel,  K.  Hemming  &  Son's  royal  improved  cast,  and  best  steel  Kirby, 
taper  point  mussel,  mackerel,  whitmg.  cod.  and,  sea  fish-hooks,  stamped  I.  P. 

Shooti7ig  Tackle. —  Durtford  canister.  English  and  American  gunpowder,  patent  fhot. 
shot  bags,  powder  flasks,  horns,  game  bags.  i;un  woniis,  locks,  6tc.  inc. 

ALSO,  A  GENEKAL  ASSORTMENT  OF  HARDWARE. 
May,  1826. 

TjLOJJjx  STonz:. 

The  subscribers  have  constantly  on  hand  and  for-nale  at  No.  223  Front-street  New- 
York,  a  large  and  general  a^surtiiunt  of  New-York  Canal.  I  hiladelphin,  Baltimore,  and 
Richmond  Superfine  and  Kine  KLOl  K — Also,  Hyc.  Indian,  and  Buckwheat  MEAL, 
which  they  sell  at  the  lowest  market  prices,  and  warrant  all  l  lour  sold  by  them  lobe 
equal  to  the  representation. 

Merchants,  .Masters  of  vessels,  and  private  families,  will  aluays  be  supplied  with  a 
superior  article.  NEUti.i  iit  PARSONS. 

New- York,  April,  1826.  No.  22;t  Front-st.  near  Peck-slip. 

SZSLDEnr  BR  .YZf AIU>*S 

Lot ter)/  and  Exchange  Offict,  ISo.  16  State-strett,  Boston. 

FIVE  DOORS  above:  THE  BKANrtl  BA.NK, 

U  herc  liare  recently  l)een  sold  the  following  Capital  i'rizes,  viz  : — 

1  Prize  of   $jU,t)00     97    Prizes  of  ^10,000 

2  do.  15,000  84  do.  500 
4  do.  10,000  219  do.  100 
6       do.  5.000    318       do.  50 

Tlie  Capital  Prize  of  $50,000  is  the  highest  ever  sold  in  Boston  ;  and  the  casJj  wis 
advanced  on  presentment  of  the  ticket  at  the  above  office,  on  the  day  the  drawing  wa* 
received.  Tickets  may  be  had  in  all  the  Lotteries  drawn  in  the  United  States,  and 
the  cash  paid  for  prizes  soon  as  drawn. 

Orders  enclosing  cash  (post  paid)  will  meet  with  immediate  attentions. 


CjiRFElUJVG. 
J.  *     «.  8A0KSVV, 

Offer  for  sale  at  their  Stoie,  96  DhUhnst.t  nearly  oj/^ooile  MarJcetst. 

An  extensive  assortment  of  VCNE'i'IAN,  BRUSSELS,  awl-'ENGLlSH  INGRAIN- 
I'J)  CARPE  I'ING,  large  and  elegaut  pattinia.  of  all  qualiUes  ;  Nankin  and  CttBton 
Matting  ;  Brussels,  W  ilton  and  Iiiip«  ri8l  lings  ,     able  and  Piano  Coders,  &c.  &c. 

Merdiants  and  Ship-Ma^tcra,  in  furniskiiig  ship's  cabins,  will  ^d  a  greaUljr  for  Uieir 
intantt  to  applj-  as  above. 

N.  B.  Also — a  !«plendid  assortnu  nt  of  light  Caqx-tiii";.  pattRms  ?tnd  quality  equal 
to  any  ever  imported,  at  prices  wiucb  will  be  an  object  to  thoMe  who  arc  in  want  of  tlie 
above  articles.  New-Tork,  April,  18i6. 

TORS  HOVSeI 

.WS.  5  AND  7,  COL  K  I  LANDT-STREET, 


NEW-YORK, 

n  A.  YouMa. 


GILBERT  &  S«  »IVS, 

EXCUANOE-STREET,  BOSTOK. 

1 

BougjlitaBdSoM. 


U.S.  StoekB,  1  Dollani.  ^ 

Bank  Stork.  ( Negotiated.               ^  ^ 

InUnd  Exchange.  ^ Foreign  i. old.  1 

Notes  of  Hand.  j  Bank  Netei,  | 


LaTTKRT  TicKBTS  in  all  legally  nulhori/t-d  l.ottrrics,  constantly  for  s:ile. — Attend 
gcrfntlly  to  all  bttiiiMH  lelating  to  Stock  Exchange,  Monej  and  Lottery  Broken. 
April,  1826.  •  "  

CJIBU^T,  CBAiR,  AJ^D  SOFA 

MANUFACTUKEU, 

16  WHrTB-ST. 

J.  H.  asAUxes  iLc  public,  that  all  orders  in  bis  line  w  ill  be  attended  to  widi  yUttBtnalitJ 
and  despatch. 

ICP*  Orders  from  the  Southward  will  meet  with  immediate  attention. 

New-York,  May,  i826.    . 

^~  WnTuAM  BIGELOW, 

iVo.  50  Fiiltnn-^frrit.  I^kooklw. 

liouK BINDING,  in  all  its  various  hranchc?*.  executed  with  neatness  and  despatch. 
Merchants'    ccount  Books,  Writitig  Books,        ruled  to  patterns  at  the  shortest 
notice. 

Backgammon  Hiblc?.  Dm-^s  Kn  ir<h.  niitlltulon  s,  Dire  Boxes,  &e.  wbolosye and  It- 
tail. — Maps,  Pictures,  ^c.  varnished  in  the  neatest  manner. 
Brooklyn,  ISM. 

G.       waite's  lottery  and  ' 

EXCHANGE  OFFICES, 

Comer  of  Broadway  and  Maiden-lnnr.  nnd  the  corner  of  Broadway  and  Fulton* 
street,  New-York — «oufli-wc'^t  mrnrr  of  I  iiinl  and  Chesnnt-strcets,  Philadelphia — and 
comer  of  Charles  and  Market-streets.  Baltimore.  At  all  the  above  offices,  Bank  Noted 
are  diseounted  at  the  lowest  vote*,  and  the  highest  premhiB  given  tbr  Gold.  Tiehirta 
and  sbnrt's  in  all  llie  Lotteries  for  sale.  Cash  adv  anced  for  prizes  as  soon  as  drawn. 
At  Waitea'  offices  have  beeo  sold  and  paid  Prizes  amounting  to  sigst  mjluoms  or 
ikOLLAKs.  April,  IWR. 
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NATIpNAZi  HOTEL. 

The  |iub1ie  b  veapeetlblljr  infbniM>d,  that  the  iptendid  edifice  recentlf  erected  im  the 

f  ity  of  New-York,  by  Jose  ph  Delacroix.  V.>*\.  is  opened  for  tlicir  accommodation. — Tbis 
establishment  is  situated  in  one  of  the  most  airy  and  agreeable  parts  of  Broadway, 
aeerij  opposite  the  City  Hotel,  was  built  expressly  for  a  house  of  public 
and  M  beyemed  to  possess  advuntngcs  for  rendering  a  residence  to  atfaiigBn  I 
or  plensure.  pleasnnJ  and  romfortal»Ks  not  surpa'»}M?d  in  thii  country. 

Tiie  Leasers,  anxioua  to  render  the  National  Hotel  aiilcc  creditable  to  thenuchca  t 
thb  eominerrial  metropons,  have  spared  no  exertion  or  expense,  to  flairii  tte 
Tiicnt  ill  a  «(yle  they  nre  fnMy  confidrnt  will  .sr.-urr  p'iMir  npprobation  and  support.  Its 
immediate  superiutendance  is  confided  to  Mr.  K.  BOAKDMAN,  a  gentleman  whose  ex- 
perience and  capacity  of  condnetuig  a  coneeftt  of  tUa  kind  are  well  known  to  thepobiif. ' 
and  nadaia  anj  ptedjgeon  the  part  ^ihe  proprieton  Ibr  ita  proper  aiauigwMi^l,  oane- 
cessary. 

fixtensiTearrangemeiitahaTe  been  made  for  the  rccration  of  permanent  BOARDERS, 
and  the  aeeommodatioD  of  gentlenen  with  their  ftinffliea,  wiu  prbata  Mttaofnait* 
mcnts.  Maj,  Iwl 

>    _ 

MdTHEMdTlCJL  LySTRUMEjYT  MAKER, 

ZffO.  ilfll 

StaU'Street,  opposite  Broad'Strut, 
BOSTON, 

fl'!^  coftislanthj  for  sa/f,  wholesale  and  retail,  a  general  assortment  of  MathematirQl 
and  Philosopbicai  Instruments,  of  the  best  quality,  (warranted,)  compriun^  articles  ol 
almoet  every  deieription  in  the  naihematieal  line,  vis  ^— 

Sextants  of  ebony  nn<\  metal,  with  silver,  bras?  and  ivon'  arches — Quadrants,  with 
and  without  tangent  and  vertical  screws — Day  and  Nigbt  Telescopes,  with  and  vritbo  u 
brass  shades,  and  Telescopes  of  every  description — azimuth,  amplitude,  storm,  br^>, 
nod  wood  binnac!(>.  hanging,  and  pocket  Compasses — Binnacle  Lamps,  Time  Glasaet 
of  every  quality,  Thermometers,  Marine  Baromcter^Scalea  and  Ptfldera,  PMalleftfialefr 
Protracters,  cases  of  Instruments,  i».c.  6kC. 

Bowditoli*e  Praetieal  Navigator,  Bhrot**  American  Coast  PHot,  do.  ScaaMadrip  aid 
Naral  Tactjen.  do.  Nautical  Ahn;nr.ir^,  Shipma-^tcr's  Assistant,  Merchant  and  Sea- 
man's EXPF.DITIOI  S  MEASL  RER,con.sistmg  of  a  set  of  Tables,  which  -hew  at  one 
view  the  Solid  Contents  of  all  kinds  of  packages  and  casks,  according  to  their  sercnl 
Length*,  Breadths,  and  Depths  :  idao,  Rlllee  for  determining  the  contcDt'  of  all  »ort^ 
of  ca5k'«  in  u  ine  and  beer  menHure — vStereotvpc  Edition  ,•  Corrected  by  EDMUND 
M.  BLUNT,  Author  of  the  American  Coast  I'llot,  ^c.— WARD'S  Lunar  TalAes,  togeth- 
er with  every  Nautical  publleation  of  merit,  inehiding  aa  aaaortment  of  tte  noit  UMfid 
CHARTS. 

Sextants,  QuadranUt,  Compasses,  Time  Gla.nscs,  and  other  Instnuaeats,  dnacd  and 
repaired  at  the  shortest  notice,  and  on  the  most  reasonable  terms. 
Apdl,  18S6. 

J,  Ta.  i3Lroai>»8 

CHART  AND  MATHEMATICAL  STORE, 
iVo.  119  East  Bai/y  si^n  of  thr  ({twfrant,  CiiA&i«£«T02f, 

OLD  ESTAni-lSHEU  STAND. 

I'OR  SALE — Charts,  Nautical  Books,  and  Mathematical  Instruments  of  every  drj- 
criptton.   Compasses,  Quadrants,  Spy-Glasses,  kc,  repalrBd  and  for  sale.  Chronooir> 

tcr'*  n^ted. 

PuTilishcJ  and  for  ^;>Ir,  T.  M.  KlfordV  LONGITUDE  TABLES,  being  the  shortest  an-l 
most  simple  method  ol  working  Lunar  Observations  of  any  in  practice.  Elford's  Cir- 
cular POLAR  TABLES,  for  finding  the  Latitude  at  any  time  of  night  by  aa  Allilais  ef 
t!i.'  Polar  St;\r.  Elford's  Universal  and  Perpettjal  Cirridar  TIDE  TABLES,  for  findir.? 
the  time  of  l!i^  Water  every  Uay  in  the  year,  at  ail  the  princapalplaces  in  the  world, 
by  inspection  or  at  sight.  Also— The  UNIVERSAL  SIGNAL  BOOK.vrith  improve- 
ments, by  .1.  M.  FJlord. 

NAVlUATior<i  taught  in  aU  iu  branehes,  indoding  Annmonical  and  Lanar  Obscr> 
vations.  * 

N.  B.  An  EVEMm  SCHOOL  ftim  9-«nd private  hsMms  givea  inoa  Ivmt 
Obsetfvationt  at  intervals;  ApA 
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14  DAY  USE 

RETURN  TO  DESK  FROM  WHICH  BORROWED 

LOAN  DEPT. 

This  book  is  due  od  the  last  date  stamped  below,  or 
on  the  date  to  which  renewed. 

Renewed  books  are  subject  to  immediate  recalL 
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